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RETURN OF THE THERMIONIC VALVE ... IN MICRO FORM 


a, 


+++ 


triode valve 
(true size) 


For three or four generations 
the thermionic valve (or elec- 
tron tube) reigned supreme in 
radio receivers, audio ampli- 
fiers, television sets and a host 
of industrial equipment, until 
it had to give way to the tran- 
sistor, and later the integrated 
circuit in the 1970s and 1980s. 
True, it survived in appli- 
cations where semiconductor 
technology does not do too 
well, for instance, in r.f. trans- 
mitters and wideband oscilla- 
tors operating at frequencies 
into the 100GHz_ range. 
Moreover, it is much better 
able to withstand high temper- 
atures than semiconductor de- 
vices. 

The special properties of 
the valve prompted Jens 
Foerster, a researcher at the 
Technical University of Delft 
in the Netherlands to investi- 
gate. whether thermionic 
valves could be produced in 
solid-state technology. He ar- 
gucd that the valve has al but 
disappeared largely because of 
its physical characteristics 
rather than its electrical prop- 
erties. After all, a current 
through a valve flows through 
a vacuum but in a transistor 
through a semiconductor, 
which makes it more suscepti- 
ble to interference. 

A thermionic valve consists 
of several basic parts: a cath- 
ode (synonymous to the emit- 
ter in a transistor) which emits 
electrons; an anode (collector) 
which collects the electrons; a 
control grid (base) which en- 
ables the electron flow to be 
influenced. The Foerster 
‘valve’ is constructed on a mi- 
croscopic scale and can there- 
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control grid 
(base) 


emitter 
(cathode) 


seal 
{vaporized aluminium) 
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micro-valve 
(< 5um across) 


fore be integrated on a silicon 
chip. It is made from silicon in 
such a way that the fabrication 
of wafers in the cleanroom is 
not affected. 

A notable difficulty was the 
emission of electrons. Such an 
emission from silicon becomes 
possible only at a temperature 
> 3000 °C, which is way above 
the melting point of silicon. 
Other suitable materials, such 
as caesium or lanthanide com- 
pounds cannot be used in a 
cleanroom. 

Since thermionic emission 
was a non-starter, Foerster 
chose field-emission, in which 
an electric field of a few mil- 
lion volts per metre ‘sucks’, as 
it were, electrons from the 
crystal. Since the emission 
take place from a pin-point 
area of only 1 um2?, the field is 
so concentrated that even at 
relatively low voltages very 
high fieldstrenghts can be 
achieved. 

Foerster has developed a 
technique whereby the desired 
three-dimensional structure is 
obtained with the aid of etch- 
ing procedures used in the 
semiconductor industry. 

The control electrode 
(grid) consists of a ring 
around the pin-point area. In 
view of the microscopic di- 
mensions, the correct posi- 
tioning of the various ele- 
ments is a demanding task, 
but if the two elements are 
produced together, correct 
positioning is automatic. 

One of the essential as- 
pects of a thermionic valve is 
the yacuum cavity. In the 
Foerster valve, this is created 
by etching a ‘hollow’ in the sil- 
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electrons. , 
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Source: Technische Universiteit, Delft, the Netherlands 
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icon chip and sealing it with 
vaporized aluminium. The 
vacuum is obtained in an 
economic way, because the 
aluminium is vaporized at low 
pressure; once the seal has 
been put into place, the low 
pressure inside is retained. 
The current flowing from 
the needle-point emitter is 
small: about 1 wA. But it is 
perfectly possible to fit a few 
thousand emitters together to 
obtain a practical current, and 
still have a micro-valve. 
[977188] 


can be carried on a belt or ina 
pocket. Ideal for field person- 
nel or any factory staff that 
need mobility, it enables tech- 
nicians working away from 
electrical power sources, or in 
difficult circumstances such as 
restricted spaces, to achieve 
high productivity. 

A wide range of attach- 
ments allows the tool to per- 
form functions as diverse as 
fine or silver-soldering, shrink 
wrapping, hot knife cutting, or 
even blow torch heating. This 
makes it a versatile addition to 
the toolkit of electronics or 
electrical personnel working 
in assembly, commissioning, 
maintenance or repair depart- 
ments, as well as model-mak- 
ers and other technicians - 
there’s even an attachment to 
configure the tool for ‘de- 
horning’ animals, extending its 
application potential to veteri- 
nary practices. 

Dubbed the Vulkan P200, 
the tool uses catalytic conver- 
sion for the majority of its ap- 
plications, delivering heat to 
the tip by infra-red radiation. 
The fuel is liquid butane; 
propane gas stored in the 
translucent handle of the tool. 
The tank is refilled with a 
squirt from a gas refill canister 
— a low-cost item around the 
world. Each refill provides up 


VULKAN P200 CORDLESS SOLDERING IRON 


PRICES: 
KIT £47.00 
IRON £ 35,25 
inc], VAT 


A cordless, gas-powered sol- 
dering iron and precision 
heating tool that delivers up to 
135 W of output, manufac- 
tured by B S Manufacturing, is 
available from Wordsun. It is 
produced in lightweight plas- 
tics, weighs only 100g and 
provides a light easily manipu- 
lated, highly versatile tool that 


to three hours of continuous 
use at a typical setting for 
electronics soldering, 

Gas is ignited by means of 
a piezoelectric spark from a 
crystal incorporated inside the 
casing. Gas flow is regulated 
by a slider, allowing adjust- 
ment from typically 400 °C to 
1200 °C. With the exception of 
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the blow torch, all the tip at- 
tachments incorporate a plat- 
inum catalyst which converts 
the gas flame to infra-red radi- 
ation once the ‘light-off tem- 
perature’ of around 130 °C is 
reached. 

One of the important ad- 
vantages of gas power is is the 
carbon-dioxide-rich —atmos- 
phere around the tip which 
minimizes oxidation, making 
the P200 an ideal tool for re- 
pairing dry joints. 

Further information from 
Atip:iwww.wordsun.comimp!] 

Wordsun Limited, The Old 
Post Office, Gaunt’s Com- 
mon, Wimborne BH21 4JN. 
Phone +44 (0)1258 840 999; 
fax +44 (0)1258 840 960. 


SCOTLAND THE BRAVE 
PC USER 

Scottish computer owners are 
the most proficient in the UK 
and more likely to be female, 
but most have never accessed 
the Internet according to the 
Home PC User Report. 
The report, published by 
VNU Business Publications, 
shows that although the aver- 
age user is a male earning be- 
tween £20,00 and £25,000, the 
chances of users being women 
are greater in Scotland than in 
other parts of the UK. 

[ITN7:16:2] 


OFFICE WORKERS TO 
SHOP FROM THEIR DESKS 
A supermarket chain and a 
computer company have 
joined forces in a four-month 
electronic shopping scheme 
for office workers. 

Staff at IBM’s Hampshire 
development laboratory will 
be able to shop from their 
desks, picking goods from the 
Somerfield supermarket at 
nearby Alton. Orders placed 
before nook will be dispatched 
the same afternoon and deliv- 
ered to the office for the shop- 
pers to take home, 

Each order is made by ac- 
cessing an Internet site and 
choosing from a range of 
20,000 different goods. Prices 
and stock levels are constantly 
updated by the computer. 

The mains aims of the trial 
are to find out how shoppers 
acclimatize to the online envi- 
ronment, whether they shop in 
the same way, and how much 
they are prepared to pay to 
use it. 

[PONT/5:3] 
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CD-ROM AND INTERNET: 
PRODUCT INFORMATION PER MOUSE CLICK 


The new edition of the CD- 
ROM from the Passive Com- 
ponents and Electron Tubes 
Group at Siemens Mat- 
shushita Components has 
been revised and considerably 
extended, Data Book Library 
1997 contains all data books 
as well as related publications 
with a total volume of around 
5000 pages. Newly included 
are additional search func- 
tions, software tools and cal- 
culation programs for the de- 
signer. With the use of the in- 
tegrated Internet link the lat- 
est information on any com- 
ponent can be called up di- 
rectly from the CD-ROM. 
Search functions have 
been revised and extended for 
the Data Book Library 1997 
allowing the user to find the 
wanted component much eas- 
ier and faster than in the past. 


REMOTE CONTROL 
FOR PCS 
A software system that allows 
computers to be left on ‘re- 
mote control’ via the Internet 
has been developed by 
Steinkrug Publications. It al- 
lows computers to operate via 
the Internet without being 
connected to it at all times. In- 
stead, the machines are in- 
structed to connect to the Net 
automatically when required. 
The first application of the 
software has been in the se- 
curity industry, where it can be 
used to enhance security over, 
say, a large building. 

At the moment, the system 
is available only for develop- 
ers, so that further appli- 
cations can be created. 

Steinkrug Publications, 20 
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Extended Search is a new 
function supplementing the 
functions Retrieval (a too] for 
accessing technical data on 
selected components), Book 
Structure (electronic data cat- 
alogues) and Online News 
(for accessing latest informa- 
tion via the Internet), This 
new search function can be 
used to search for order num- 
bers, type designations or key 
words to cover the complete 
product publications. 

Enquiries to Siemens Info- 
service, P O Box 2348, 
D-90713, Firth; Fax +49 911 
978 3321. 

More information on the 
passive components and tubes 
division as well as on Siemens 
Matshushita Components 
may be found at Attp://www. 
siemens.de.prindex.him 


Leaden Hill, Orwell, Royston, 

Hertfordshire SG8 5QH. http: 

liwwu.steinkrug.demon.co.uk 
JITN7: 164) 


SONY JOINS RUSH TO 
CAMBRIDGE 
Sony is buying Cambridge 
games company Millennium 
in a deal worth £6m. The com- 
pany said its long-term plan 
was to ‘re-invent’ multimedia 
as a concept for entertain- 
ment, using the popular 
Playstation as starting point. 
Playstation, Sony’s flagship 
games product, has sold over 
one million units in the UK, 
pushing former market leader 
Nintendo into second place, 
Nintendo is now fighting back 
with the more powerful — but 
more expensive — N64. 
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Cambridge's location and 
atmosphere as a city, and its 
links with the academic world, 
are important aspects for the 
many companies moving there. 

[ITN7/15:1] 


UK CALL CENTRES 
Twenty-four hour service, 
computerized answering and 
recording, and database man- 
agement are just a few of the 
special features that BT and 
its competitors offer compa- 
nies planning new call centres 
in the UK. The very high stan- 
dards of these centres provide 
a testament to their success. 

No other European country 
has such a choice of telecom- 
munications providers: no fewer 
than 150 in all, including Mer- 
cury, AT&T, and many cable 
operators, as well as BT itself, 

The telecommunications 
structure in Britain is high lib- 
eralized compared with those 
in the rest of Europe and this, 
together with the available so- 
phisticated phone services, en- 
ables companies to offer a 
faster and better service than 
elsewhere. With many call 
centres offering any-distance 
calls at local rates, it is hardly 
surprising that more than 15 
million toll-free international 
and domestic calls are made 
every week on BTs network 
alone. 

Merchants Group, one of 
many specialists bureaux that 
operate call centres on behalf 
of firms from overseas, runs a 
technical support call centre 
for US printer manufacturer 
Tektronix, covering 33 coun- 
tries in Europe and the 
Middle East, [ts 300 employ- 
ees handle calls in nine differ- 
ent languages, . 

American Express set up 
its European call centre in 
Brighton in the early 1980s, 
Several of its operators speak 
four or five languages, includ- 
ing Japanese. If, for instance, 
a person loses travellers 
cheques in Europe, Africa or 
the Middle East, all he/she has 
to do is ring a local freephone 
number and be transferred to 
Brighton where the problem is 
dealt with. 

Everyone at AT&T's Lon- 
don customer service centre, 
which is its flagship operation 
in Europe, speaks at least two 
languages. 

Some years ago, Apple 
Computer awarded a large 
contract to BT to install and 
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operate a number of multilin- 
gual customer support ser- 
vices throughout Europe on 
its behalf. These support cen- 
tres now provide Apple cus- 
tomers, personal and corpo- 
rate, with support and access 
to Apple’s database of techni- 
cal and product information. 
(F7:4:0143] 


MULTIMEDIA 

TECHNOLOGY 
The term ‘multimedia’, gener- 
ally accepted as consisting of a 
mix of video, audio, three-di- 
mensional animation, text , 
and graphics, has been around 
for almost ten years, but not 
until 1990 did the technology 
become a tangible reality ap- 
parent in a plethora of appli- 
cations. Companies are strug- 
gling to get a strong hold of 
the market, which is expand- 
ing in North America, Eu- 
rope, and the Pacific Rim. 

By all accounts, North 
America is a few years ahead 
of the other regions of the 
world in terms of multimedia 
deployment and this lead is 
expected to continue for the 
next several years. Europe, 
however, is closing in fast in 
terms of the number of hard- 
ware and software manufac- 
turers and application devel- 
opers. 

{F&S2891-64] 


INTERNET SERVICE FOR 
HOME LEARNING 

An Online education service 
aimed at children revising for 
exams or doing homework has 
been launched by entrepre- 
neur Richard Branson — head 
of the Virgin Group. The Vir- 
gin Net Education Service is 
made up of controlled Internet 
sites providing specific content 
for children and parents. 

Reference sources available 
to customers of the service in- 
clude the Oxford English Dic- 
tionary (OED), news from 
Mirror Group newspapers, 
Letts study guides, and more 
than 5,000 Web sites with con- 
tent directly related to Na- 
tional Curriculum subjects. 

Additionally provided are a 
photographic archive with 
2,000 images, a thesaurus, a 
dictionary of quotations, ency- 
clopedia, careers information, 
mock exam questions, and an 
exclusive section for parents 
offering guidance on subjects 
like drugs and bullying at 
school, and how to help a 
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child with homework. 

The service is aimed at 
home users who are doing 
extra schoolwork, and is not 
an Internet service for schools 
themselves. 

Virgin Net Limited, 120 
Campden Hill Road, London 
W87AR. Phone 0171 479 
4400. 

[ITN714:4] 


US CONSUMER ELEC- 
TRONICS INDUSTRY TODAY 
The annual review of the Con- 
sumer Electronics Manufac- 
turers Association (CEMA), 
US Consumer Electronics In- 
dustry Today is now available. 

The 120-page booklet in- 
cludes highlights and updated 
statistics from 1996, along 
with a look ahead to the 
trends of tomorrow. 

The booklet contains chap- 
ters on Video, Audio, Mobile 
Electronics, Multimedia, 
Communication and Informa- 
tion, Integrated Home Sys- 
tems, and Accessories. It also 
includes a detailed history of 
the industry, a list of CEMA 
members, and contact infor- 
mation for related associa- 
tions. Copies of the booklet 
can be ordered from 
Communications Department, 
CEMA, 2500 Wilson Boule- 
vard, Arlington, Va 22201-384 
USA. Phone +1 703 907 7674; 
fax +1 703 907 7690. 


RADIO AMATEUR NAMED 
GPT ENGINEER OF THE 
YEAR 
David Stoney (G8PTN), a 35- 
year old senior consultant en- 
ginecr, who has played a key 
role in GPT’s rise to world 
leadership in telecomms trans- 
mission technology, has been 
named GPT Engineer of the 
Year. The award is in recogni- 
tion of his own and his sec- 
tion’s outstanding work in de- 
veloping a semi-custom ASIC 
chip for telecomms equipment 
that helped GPT win two 
Queen’s Awards earlier this 
year and has seen the com- 
pany, with its partner Siemens, 
capture a third of the world 

market in its sector. 

This work was mission-crit- 
ical to the timely introduction 
of GPT’s new world-beating 
Combiner product, which rep- 
resents the state of the art in 
Synchronous Digital Hierar- 
chy (SDH) transmission sys- 
tems. David’s 15-strong team 
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managed to design the ASIC 
from scratch and release it to 
full-scale production stage in 
just eight months instead of 
the normal 12 or more. More- 
over, they achieved this one 
month early and significantly 
below budget. 

Further information from 
the GPT Press Office on +44 
(0)115 943 3687 or write to 
press_office@ncp.gpt.co.uk by 
e-mail. 

[GPTU75.97-8] 


INTERNET ON THE BOX 
TV viewers in the UK will 
soon be able to ‘tune in’ to the 
Internet and the World Wide 
Web from the comfort of their 
living rooms - without the 
need for any sort of personal 
computer. 

Europe’s first exciting new 
TV-based Internet service is 
called NetChannel, run by Net 
Channel UK, Europe’s first 
mass market TV Service Pro- 
vider. 

NetChannel is a_ totally 
new TV channel which pro- 
vides live access to the Inter- 
net via a domestic TV set 
linked to a low-cost set-top 
box and a standard telephone 
line. The system is operated 
by either a small alphanu- 
meric keypad (similar to a TV 
remote control) or an op- 
tional, compact, infra-red, 
QWERTY keyboard. In addi- 
tion, users can send and re- 
ceive electronic mail from the 
comfort of their armchairs. 

It is expected that the new 
Internet service will be in full 
retail distribution in time for 
Christmas. 

Net Channel UK Ltd, 195 
Knightsbridge, London SW7 
IRE. Phone 0171 591 7000; 
fax 0171 591 7001. 


COMMERCE FEARS COM- 
PUTER SABOTAGE MOST 
Computer sabotage is the cri- 
sis most feared by large com- 
panies, according to a survey 
commissioned. by Insurance 
company AIG Europe. The 
survey found that 70 per cent 
of company directors felt an 
attack on their organization’s 
in formation technology infra- 
structure was the most serious 

crisis they could envisage. 

Te threat of computer 
chaos beat other possible 
crises, such as fraud (52 per 
cent), hostile takeover (54 per 
cent) and extortion (50 per 
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cent) to top the list of corpo- 
rate nightmares. 


Potential sabotage can 
range from a disgruntled em- 
ployee deleting data, to exter- 
nal attack from hackers caus- 
ing irreversible damage to 
files. 

[ITNT14/5] 


NETWORK MANAGEMENT 
A new service for routeing cir- 
cuits in Synchronous Digital 
Hierarch (SDH) networks has 
been perfected by Cambridge 
Consultants Limited (CCL). 
In an increasingly competitive 
market, telecommunication 
companies are looking for op- 
portunities of making better 
use of their SDH networks. 
CCLs new circuit router uses 
an intelligent algorithm to 
choose the best paths, result- 
ing in improved customer ser- 
vice and increased revenue for 
the operator. Current path 
and circuit managers are quite 
basic and often route calls 
simply by choosing the short- 
est path between two nodes. 
This does not always make the 
best use of the network or give 
the foremost match with cus- 
tomer requirements. They 
want a route path that gives 
them the most efficient service 
while network operators want 
a path that makes optimal use 
of resources avoiding restrict- 
ing future routeing options. 

CCLs router uses an ad- 
vanced algorithm to find the 
path that best meets these 
conflicting requirements. It 
works to maximize availability 
to customers while minimizing 
latency and restoration time. 
For the operator, the router 
minimizes the extent of re- 
configuring nodes and unnec- 
essary fragmentation of re- 
sources. SDH uses resources 
efficiently by reserving pro- 
tected lines for customers who 
want and pay for them by 
choosing routes that do not 
limit future routeing options. 
By managing their networks 
more efficiently, operators can 
accommodate more services 
and price them more effec- 
tively. 

[STN7:14/6] 

CCL, Science Park, Milton 
Road, Cambridge, United 
Kingdom CB4 4DW. Tele- 
phone +44 (0)1223 420 024; 
fax +44 (0)1223 423 373. 


We 


frequency meter 


and event counter module 


provides fast, accurate 
period measurement 


LCD panel meters, 
temperature or event 
counter modules are 
readily available in 
many electronics 
retail shops at rea- 
sonable prices. But 
_try to find a practical, 
_ efficient, and value- 
for-money frequency 
meter module and 
you will be disap- 
pointed. In that case, 
this article will, no 
doubt, be welcome. 
It describes a mod- 
ule based on a RISC 
(Reduced Instruction 
Set Computer) 
microcontroller, 
which guarantees 
accurate measure- 
ments over a wide 
frequency range for 
_a reasonable outlay. 
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Features of the frequency meter/ 
event counter module 


O Schmitt-trigger input 

O Compact construction with only six ICs 

O Small PCB enables incorporation in, say, a function generator 
O 2x16 digit liquid-crystal display 

O Power derived from unregulated mains adaptor 

O Low current drain (50 mA) 


Frequency and period measurement 

O Reciprocal frequency count principle with counter and 
programmable divider 

O) Simultaneous display of frequency (5 digit) and period 

O Alphanumeric notation 

O +1 error (5 ppm) 

O Measurement rate 1.4 Hz at fi, >3 Hz, otherwise f/2 

O Measurement range 0.1 Hz — 50 MHz, 10 s - 20 ns 

O 5-digit frequency display 

O Suppression of superfluous zeros 

O Auto range (9 ranges) with hysteresis 


Event counter 

O Event count from 0 000 007 to 9 999 999 

O Maximum counting frequency about 40 kHz 
O Triggering at leading edge 

O Display rate 5 Hz 
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IC3 = 74HC132 
IC5 = 74HC74 


INTRODUCTION 

The frequency meter module may form 
the basis of a laboratory measuring 
instrument or be used as an extension 
to an existing instrument such as a fre- 
quency generator. It provides a wide 
frequency range extending from 0.1 Hz 
to 50 MHz and shows the measure- 
ment result — frequency and period 
simultaneously — clearly on a liquid- 
crystal display (LCD) with an error not 
exceeding 5 ppm. Moreover, the mod- 
ule may be used as an event counter 
over an indefinite period of time. 


DIVIDE AND RULE 

The design of the module is straight- 
forward since virtually all functions are 
driven by IC3, a microcontroller Type 
PIC16C56 (Figure 1). 

The measurand (that is, the input 
signal to be measured) is applied to 
Schmitt trigger gate IC3, via protection 
network R,-D5-D; and pull-up resistor 
Ry). The gate ensures steep signal edges 
and clearly defined level ratios. 
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Then follows a pro- 
grammable frequency 
scaler, ICy, a Type 
74LS292, whose scaling 
factors at inputs 0-4 
can be set between 22 
and 231, The controller 
resets the scaler (and the remainder of 
the circuit) to zero by applying a low 
level to the ‘Clear’ input. 

In the frequency mode, multiplexer 
IC, applies the scaled down measur- 
and to pin 5 or the original signal to 
pin 6. This is unavoidable as the scal- 
ing factor cannot be set to 1 or less. 
Since the microprocessor controls both 
the multiplexer and the scaler, it has 
information as to the actual scaling fac- 
tor applied to the measurand at pin 7 
of the multiplexer. 

The scaler is followed by two bista- 
bles (flip-flops), arranged as 2-bit shift 
registers, which filter out exactly one 
period from the measurand. To this 
end, the microcontroller first applies a 
high logic level to the reset inputs. 
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The first leading 
edge at the clock input 
starts the measurement 
process via [Cs (port 
line RAg), while the sec- 
ond sets the second 
bistable and limits the 
measurement window (RA3). 

During the period gate IC, is 
enabled so that the clock pulses at 
pin 15 (OSC2) of the PIC are applied 
to count input RTCC of the PIC via the 
second multiplexer in IC. 

The real time clock/counter in Fig- 
ure 2, an 8-bit counter which has a 
programmable 8-bit prescaler and 
stores the measurement result into two 
software registers. This arrangement 
makes a 4-byte counter register avail- 
able, whose content is increased by 1 
every 250 ns and can, at least in theory, 
measure time lapses of up to 1073 s. In 
the present module, this range is lim- 
ited to 10s. 

Control bits RTE (leading; trailing 
edges), RTS (internal/external count 
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PS2, PS1, PSO 
Notes: 1. Bits, ATE, ATS, PS2, PS1, PSO are located in option register. 


signals), PSg-PS2 (prescaler ratio 2”, 
where 1 = 1-8) and PSA (with/with- 
out prescaler) are placed in the option 
register. 

Since the 8-bit prescaler cannot be 
read, but its content is essential for 
computing the frequency, the RTCC 
remains clocked after the actual mea- 
surement has taken place. This is done 
via RA3 and a multiplexer (pin 13 to 
pin 9 of IC). The controller counts 
these pulses, until the prescaler over- 
flows, whereupon the RTCC register is 
increased by 1, From this information 
it is possible to compute the content of 
the prescaler. For instance, when after 
x clock pulses the RTCC memory is 
increased by 1, the prescaler content is 
ig =256-x. 

All this is true in the frequency mode. 
In the event count mode, the bistables, 


(2 CYCLE DELAY) 


PSA 


graor? - 12 


gates and oscillator (in its function as 
reference frequency source) are irrel- 
evant since the output (pin 7) of the 
multiplexer is at ground potential. 

In the event count mode, the input 
signal is applied directly to the RTCC 
gate. Also, PSA is enabled and the 
prescaler is by-passed. The overflow of 
the counter causes the 3-byte software 
register to be extended so that the 
measurement range is 9,999,999. The 
counter state is actuated every 200 ms. 
The maximum counting rate, deter- 
mined primarily by the display routine 
and the overflow process, is 40 kHz. 


CONSTRUCTION 

The module is best built on the 
printed-circuit board shown in Fig- 
ure 3. This is a double-sided board that 
is slightly more expensive than a sin- 
gle-sided one, but it results in a very 
compact construction. 

The ICs should be fitted in IC sock- 
ets. 

Make sure that the crystal case does 
not short-circuit underlying circuit 
tracks; it is advisable to place a small, 
thin cardboard disk between it and the 
tracks. 

The specified display matches the 
board exactly, both electrically and 
mechanically. The contrast of the dis- 
play is set with P). 

The specified type for IC, is an 


s8888000 O 


Robb! <¢o) 0 


3 
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HC292. In some cases, this may be dif- 
ficult or impossible to obtain, in which 
case an LS292 may be used. Although 
this draws a slightly higher current, it 
works marginally better at the upper 
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frequency limit of 50 MHz. 

If a mixture of HC and LS devices 
is used, the module draws a current of 
some 50 mA, which necessitates the 
use of an 8-15V_ (non-regulated) 
mains adaptor. 

The only calibration needed con- 
cerns Cy. Its precise setting can, how- 
ever, only be carried out with a cali- 
brated standard frequency meter. The 
crystal frequency is available at pin 15 
(OSC2) of the PIC, 


TEST AND USAGE 

The program is started when reset but- 
ton $3 is pressed. The display is then 
initialized and shows the mode of 
operation set at Ky. 

An unusual but effective circuit con- 
figuration is that port lines RBy-RB-; 
have 100 kQ pull-up resistors as well as 
2.2 kQ protection resistors. The protec- 
tion resistors may be earthed with 
switch S$). In position N of this switch, 
the module functions as event counter; 
in the centre position as well as in posi- 
tion T, as a frequency meter. In position 
F, the frequency is displayed on the 
first line of the display and the period 
on the second line, but the other way 
around in position T 

If, during the initialization of the 
display RB; is earthed, then irrespec- 
tive of the position of S; the number of 
the software version and the date of 
its manufacture are displayed. 

Before any actual measurements 
are undertaken, it is necessary to carry 
out a few tests to determine the correct 
step-by-step procedure, During these 
tests, the software sets an increasingly 
larger scaling factor in IC, as a few 
examples will show. 

(1) A frequency of about 10 Hz is to 
be measured with a precision of five 
digits (display 10.000 Hz). The mea- 
surement time is (as always) one 
period, that is, in this case 0.1 s. The 
scaler is not operating and so the mea- 
surand is applied directly to the RTCC 
input, During one period of the mea- 
surand the internal 4 MHz oscillator 
generates 400,000 pulses. This number 
of pulses may be converted easily and 
accurately into a frequency. 

(2) A frequency of 1 MHz is to be 
measured with a precision of five dig- 
its. The measurement time in this case 
is 1 us, in which the internal oscillator 
generates 4 pulses. This points to a 
fairly inaccurate measurement, 
because in view of the rounding error 
of +1, there might have been three or 
five pulses, corresponding to a mea- 
surement result of 750 kH, 1 MHz, or 
1.25 MHz. It is clearly necessary to 
scale down the measurand in IC. If, 
for instance, a scaling factor of 2!¢ is 
used, the measurand is scaled down to 
15 Hz, corresponding to a period of 
65 ms. In that time, the oscillator gen- 
erates 262,144 pulses so that the 


Elektor Electronics 10/97 


Principle of 


period measurement 


In the gate-time method the number of periods (cycles) of A 


the measurand within a defined gate time determine the 


measurement result (Figure A). The measured value is 


computed with the stated equation, in which +7 is the 


measurement error. The longer the period, T,,, compared 
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with the gate time, Tg, the larger the +17 error, the inde- ~~ I 
terminable effect of the final period. To ensure good accu- | B 
racy even at low frequencies the gate time would have to 


be lengthened to an impractical value. 


A much more effective way of measuring the period 
of low frequencies is the period measurement (Figure B). 


This requires a stable reference oscillator running at a 


higher frequency whose pulses are summed by a counter. 


The counter is started and stopped by the measurand, so 
that the counter reading is a measure of the frequency of ig eo 
the measurand. The error of this +1 method increases with 


the frequency of the measurand. 


The present module operates with a 5-digit display. — 
lf a +1 error of 5 ppm is desired, the frequency of the mea- | 


surand, f,,, must be 


fm<<5X10-§x fy 


where f, is the reference frequency, here, 4 MHz. This 
means that the maximum value of f,, is 20 Hz. If f, is higher 


Oe ers, 


than this, it must be scaled down (scaling factors between m ' 


22 and 231) (Figure C) befcre it is measured. Exponent n 


must comply with the condition 


N>lo0gj,o(fm/20)/log492 


to ensure that the desired accuracy is obtained. selene 


In practice, f,, is normally known approximately and 


this is sufficient to determine the necessary scaling factor (if any). Otherwise, 
a rough value may be obtained by a stepped approximation. 


rounding error of +1 can be ignored. 

This example shows that it is 
imperative that the measurement time 
of one period of the measurand is not 
so short as to result in a small number 
of pulses in the measurement window. 

Fortunately, the software arranges 
a suitable scaling factor by trial and 
error. In the second example, a test 
measurement without scaler is carried 
out. If a counter content of at least 
40000,,,.=262,144,,,. is not reached 
(that is, the measurement time is 
shorter than 65.5 ms), the scaling fac- 
tor is is increased in a number of test 
measurements until the reference 
value is reached or exceeded. 

To speed up the process of finding 
a suitable scaling factor, the software 
not only increases the factor but also 
halves the reference value if the 
counter content is too small. This 
means that in practice only four test 
measurements are necessary: with 
scaling factors of 0, 2,8 and 16. 

Once the scaling factor has been 
determined, the final measurement is 
carried out. Of course, the oscillator 
does not generate exactly 262,144 
pulses, since there may be a deviation 
of up to —-25% (which means that all 
values above 196,608 pulses are valid). 
This gives the software a measurement 
accuracy of 5.1 ppm (1/196,608). The 


software recognizes a change in the 
measurand during the measurement 
and signals an error. 

The software does not start any 
computation until 500 ms have elapsed 
since the start of the measurement. 
This arrangement ensures a constant 
display independent of the number of 
approximation steps and the duration 
of the measurement. 

Multiplication and division routines 
average the decimal value of the fre- 
quency from the counter content and 
the scaling factor. This value is 
rounded off and converted into a 
sequence, arranged in one of nine 
measurement ranges, given a decimal 
point and unit value, shorn of any 
superfluous zeros, and finally dis- 
played. 

Any slight fluctuations of the mea- 
surand at or near the limits of the mea- 
surement range are nullified by an 
hysteresis of +0.5%. 

The period of the measurand is com- 
puted in a similar manner. An asterisk 
is displayed for about 200 ms before the 
measurement result is shown, There is 
a time lapse of 500 ms between the start 
of the measurement and the onset of 
the computation. So, if the time taken 
for the computation is ignored, the dis- 
play rate is about 1.4 Hz. 

[970077] 
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Distortion, or fuzz 
effect, units are 
almost as old as the 
electric guitar itself. 
The unit 
described in 
this article 
produces soft 
clipping, 
_ which gives 
an effect remi- 


produced by valve 
amplifiers. Soft clip- 
2 ping means 


to exceed a certain 
voltage level. Most 
listeners feel that soft 
Clipping produces a 
much more musical 
sound than hard clip- 
ping (in which the 
tops of the positive 
and negative signals 
are chopped off). 
_ The unit is intended 
e to be inserted 
between the guitar 
and its amplifier. 


Design by M. Radler 


distortion 
(fuzz) unit 


niscent of that “&» 


?* 


INTRODUCTION 

The designer of audio frequency cir- 
cuits normally aims at signal process- 
ing that is as linear as possible. The 
exception to this rule is the design of 
guitar amplifiers — and it is a specific 
exception. At the same time, there is no 
specified definition of the shape of the 
output the circuit should produce. 
Only one thing is certain: it must def- 
initely not be linear. 

Designers of guitar amplifiers 
ceaselessly experiment with all kinds 
of effect unit and with the amplifier 
itself, of course. Here again, there is a 
virtually unanimous opinion among 
guitarists and listeners alike and that is 
that semiconductor amplifiers produce 
a cold, clinical sound, whereas valve 
(tube) amplifiers provide a warm and 
musical sound. The difference 
between the two lies primarily in the 


for electric guitars 


clipping behaviour of transistors and 
valves (tubes). The present unit aims 
at imitating the performance of a valve 
(tube) amplifier. This is manifested by 
a dynamic approach, richness of har- 
monics and soft clipping (which, 
strictly speaking, is not clipping at all, 
but rather a rounding off of the signal). 
Last but not least, the unit is virtually 
immune to crackling and scratching 
sounds. 


CIRCUIT DESCRIPTION 
The imitation of the performance of 
a valve (tube) amplifier, without 
using a single valve (tube) requires 
an inordinate amount of well- 
thought-out filtering. This means 
that the present unit contains rather 
more electronics than most other 
fuzz boxes (see Figure 1). However, 
the end justifies the means, but, all 


Elektor Electronics 10/97 


ols 


IC1 = TLO72 
IC1 = TLO72 


C24 


100n 


100n 


2x 
15V sy a004 


the same, with just three 
ICs, four potentiometers, 
and a small number of 
resistors and capacitors, 
the circuit is not that 
extensive. 

Op amp IC), functions 
as impedance matcher 
and amplifier. The input impedance of 
700 Q is suitable for most electric gui- 
tars. The amplification is determined 
by (Rg+Ry):Rs5 which with values as 
specified is about 3. 

The input stage is followed by a 
passive filter consisting of R7-R,4 and 
Cy-C;, which has a pass-band for the 
middle frequencies with a clear peak 
at 1 kHz. The lower frequencies may 
be further attenuated by switch Sj. 
When the contact of this switch is 
linked directly to pin 5 of ICy,, the fre- 
quencies around 400 Hz are attenu- 
ated by an extra 6 dB. 

Op amp IC, provides further 
amplification of the signal to a degree 
determined by P). This component 
does not operate as a standard vol- 
ume control, but varies the level of 
the signal applied to the clipper fol- 
lowing IC 4p. 

The clipper consists of two parts. 
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The first consists of 
a standard diode 
limiter, D,-D3, and 
the second com- 
prises IC3, and 
D3-Dy. The level of 
both the negative 
and positive halves 
of the signal is limited by Dy. In con- 
junction with the earlier mentioned 
frequency correction, this circuit pro- 
vides soft clipping. Since a large num- 
ber of harmonics is generated at the 
same time, the overall effect is very 
reminiscent of that provided by 
valves (tubes). 

The filtered and shaped signal is 
then applied to active low-pass filter 
IC3,. This filter has steep slopes and a 
cut-off frequency of about 5.5 kHz. At 
the same time, the op amp provides 
additional amplification at around 
100 Hz and 500 Hz. 

The filter is followed by treble con- 
trol P3, which provides some correc- 
tion of the high frequencies relative to 
the medium range. 

Output buffer IC; ensures that 
cables of almost any length can be 
linked to the output without heavy 
signal losses or other problems. 
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SUMMARY OF THE 
CONTROLS 
Switch S, gives an apparent boost to 
the middle frequencies (in fact, of 
course, it attenuates the lower fre- 
quencies with respect to the medium 
range). Although it is not, it may be 
termed mid-boost control. 
Potentiometer P; provides control 
of the clipping effect. 
Potentiometer P} is a treble control. 
Potentiometer P; sets the level of 
the processed output signal. 
Potentiometer Py functions as the 
output control of the linear signal. 
Switch $2 enables rapid switching 
between the distorted and original sig- 
nals. 


CONSTRUCTION 

The distortion unit is best built on the 
printed-circuit board (not available 
ready-made) shown in Figure 2. If that 
is done, there is little hard wiring, since 
the potentiometers are all mounted on 
the board. Only switches 5; and 5, 
and the input and output jacks require 
to be linked to the board: the switches 
via short lengths of circuit wire and 
the jacks via short lengths of single- 
screened cable. 
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Resistors: 
| Ry, Roy = 68 KO 
| Ro, Rg, Rag = 510 kQ 
Ree SdRO 
| Rs = 6.8 kQ 
Re = 15 kQ 
Ch 
Rg = 18k ae 
‘ Ro, Pug =< 3 kg 
Ay = 11k, 
Rig = 36 kQ Paper Sess 
| Rigs 10MQ 
Big = 2B kO ue 
Aig = 1kQ 
Rig = 1000. 
cathe hag 
-Rogi Rog, R. ee 22 
Ros, Ros = 7.8 kd 
Py = 100 kQ 
Po = 60 kQ, linear 


Po, Pa = 50 kG, logarithmic 


6,, Co = 0.0047 LF 


f Cy, Coa, Cog = 22 pF 40 Vv, radial : 


6,5 0.056uF 
Cs, Cy = 0,022 HF 
Gy = 0.0068 pF 
Og. = 34 uF, 25 V, radial 

| Og = 470 pF 

(Cio = 1 uA 68 C, radial 
C14, Cyg, Crg = 0.0022 uF 
Cio = 0001 uF” 
Cia = 0.0033 uF 

| G15 = 560 pF 

Gye, Cig = 0.015 pF 
Cig, Coy = 0.22 WF 
Coq, Coa-Caz = 0.1 HF 


Semiconductors: 

Dy-Dg = 1N4448 

Dy = LED, fed 
Dg, Dg = 1N4001 - 


| Integrated circuits: 
IC, IOs = TLOZ2CP. . 
: ICs = TLOSICP 


- Miscellaneous: : 
_ Sy, So = change-over switch 
2 off 6.3 mm jack socket 
_ Power supply: +9V or +15V mains. | 
| adaptor ortwo9V batteries = = 


Since the board is fairly small, it 
may be housed in a small, robust case, 
preferably of polythene. When choos- 
ing a case, bear in mind that it also has 
to house the power supply. 

Although the circuit specifies sym- 
metrical supply lines of +15 V, lower 
levels (+9 V) may also be used. A small 
mains adaptor, in conjunction with 
suitable voltage regulators (7815 and 
7915), may be used, but, since the cur- 
rent drain is only about 10 mA, battery 
operation is a very attractive alterna- 
tive. 


PERFORMANCE 

A unit as described can be judged only 
by ear: figures and all sorts of charac- 
teristic curve do not mean all that 
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much. Nevertheless, since it is of inter- 
est to a number of guitarists to see 
what roughly can be expected before 
construction is commenced, frequency 
response characteristics of the proto- 
type are shown in Figure 3. The curves 
were obtained with P) and P3 at the 
centre of their travel; the upper curve 
with S; linked to junction C3-R,3 and 
the lower one with it connected to pin 
5 of ICjp. 
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serial port switc 


~ from one to four RS232 ports 


equipped 
~~ with four 

RS232 ser- 
fal ports, 
only two of 
these are 
available 
~on most machines. 
Worse, most laptops 
have just one serial 
port! The problems 
are obvious once a 
lot of equipment has 
to be hooked up to a 
serial port. The 
Switch described in 
this article allows up 
_. to four peripheral 
devices to be con- 
nected to one and 
same RS232 port. 


Design by L. Lemmens 
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The serial port, available as a stan- 
dard on any PC, is in popular 
demand. Apart from modems and 
mice, we see personal organizers, 
graphics tablets, chip card readers 
and label printers, all requiring a con- 
nection to the RS232 port. Moreover, 
many of you will have experimental 
circuits as well as programmers and 
emulators that also use the serial 
port. In practice, quite a bit of plug- 
ging and unplugging may be in order 
if you want to change from one ser- 
ial device to another. Cumbersome, 
indeed, especially if the computer is 
installed in an awkward position. In 
these cases, the serial port switch 
comes to your rescue, allowing up to 
four serially controlled peripheral 
devices to be connected to it. The 
switch itself is then connected to the 
PC via a standard 9-way cable. Any 
one of the four peripherals may be 
connected through to the PC at the 
flick of a switch. LEDs on the front 
panel of the switch unit indicate 
which serial channel is being used. 


FOUR 
TIMES 
NINE IS 
NINE 


Although a 25- 
way connection 
was generally 
used for serial 
ports in the past, 
the smaller 9-pin 
variant is much 
more popular 
these days. For 
the sake of com- 
patibility and 
simplicity, the 
port switch 
described here 
follows this 
trend and uses a 
9-pin  connec- 
tion. If a 25-way 
connection — is 
required, an 
adaptor (as supplied with most mice) 
may be used. 
Assuming that the ground connec- 
tion is shared between all peripheral 
devices, and that the ‘ring indicator’ (RD) 
is rarely used, seven signals remain 
which have to be taken into account: 
TxD, RxD, CTS, RTS, DCD, DSR and 
DTR. In practice, RTS and DTR (signals 
sent from the computer to the periph- 
eral) may also be shared and thus inter- 
connected without problems. Although 
peripheral devices which are not 
selected by the switch will then also 
receive these signals, this does no harm. 
The block diagram in Figure 1 
shows the arrangement of the differ- 
ent signals. In addition to an array of 
electronic switches, the circuit contains 
a ring counter with four states, a num- 
ber of level converters, a simple 5-volt 
supply and four LEDs acting as chan- 
nel selection indicators. 


THE HARDWARE 
With the general structure of the circuit 
in mind, it is not too difficult to grasp 
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the operation of the circuit shown in 
Figure 2. The supply uses an inte- 
grated voltage regulator type 7805 
(IC1) with the usual satellite capacitors, 
here, C4, C5 and C6. Diode D2 has 
been added as a polarity reversal pro- 
tection device, while D1 will short out 
any voltage surge that may occur at 
the output of IC1. 

Circuit 1C6 is a four-state ring 
counter which is incremented one step 
every time $1 is pressed. As soon as 
output O4 goes high, the reset input is 
pulled high. As a result, Q0 is actuated 
again. Components C20 and R24 pro- 
vide a power-up reset pulse which 
ensures that QO is active when the cir- 
cuit is first switched on. 

The switching of the RI (ring indi- 
cator) flag is given a very simple 
implementation, because very few 
peripheral devices make use of this 
signal. A jumper block, JP1-JP4, allows 
you to select the device (one of four) 
which actually needs the RI signal. If 
the signal is not needed by any of the 
four peripherals you have in mind, the 
jumper is simply not fitted. 

The TxD signal (approx. 12 V in 
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most cases) supplied by the computer 
arrives at pin 5 of K6, and is stepped 
down to TTL level by resistor R22 and 
IC8a. With R22 acting as a current lim- 
iter, use is made of the internal pro- 
tection diodes in the gate. 

The electronic switching of the TxD 
has a different arrangement than that 
for DSR, CTS, RxD and DCD. The TxD 
signal is selected with the aid of four 
bilateral analogue switches before it is 


IC7 = 4066 
ICB = 74HC14 
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applied to one of the level converter 
inputs, The state of counter IC6 deter- 
mines which switch is closed. The out- 
put signals from the switches are con- 
verted from TTL swing to true RS232 
levels. This is done by IC4, a 
MAX234CE from Maxim. This IC con- 
tains a charge pump which uses C7 
and C13 to convert the 5-V supply 
voltage into a symmetrical +12-V rail. 

The remaining signals DSR, CTS, 
RxD and DSR are switched by [C2 and 
1C3. Each of these demultiplexers con- 
tains two digital four-to-one line con- 
verters. The corresponding outputs of 
all four converters are joined. Next, the 
switched signal appears at the input of 
the second MAX234CE, ICS, Here, too, 
the TTL level is changed into a true 
RS232 signal. Next, the signals are fed 
to connector K6 and, from there, to the 
serial port inside the PC. 

Recapitulating: Depending on the 
counter state of IC6, the PC is auto- 
matically connected to K2 (CH1), K3 
(CH2), K4 (CH3) or K5 (CHA). 


CONSTRUCTION 
You should be able to build this circuit 
on a rainy afternoon. There are no 
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exotic or expensive components, and 
the layout of the printed circuit board 
for the project is given in Figure 3. This 
board is double-sided, through-plated 
and available ready-made through our 
Readers Services. 

The component overlay indicates 
that a PCB terminal block is used in 
position K1, while 10-way boxheaders 
are applied for the remaining connec- 
tions. The connection between each 
boxheader and the associated 9-way 
sub-D connector may be home-made 
using a short piece of flatcable. This is 
easiest done with the aid of a header 
and a sub-D connector of the insula- 
tion-displacement connector (IDC) 
type, components which require no 
soldering at all. An advantage of using 
these short cables is that you have a 
larger choice of enclosures for the cir- 
cuit board to fit in. 

For clarity’s sake, the jumper that 
determines whether or not the RI sig- 
nal is passed sits right next to each 
boxheader. In this way, you have an 
instant indication about a device 
which is actually capable of processing 
this signal. 

The push-button and the LEDs are 


mounted on to the front panel of the 
case. The supply voltage may be deliv- 
ered by a small mains adaptor unit 
(9 V at 25 mA). 


PRESS TO SWITCH 
As you might have expected, this 
switching unit is really simple to use. 
The computer is connected to K6, the 
peripheral devices to K2, K3, K4 and 
KS. LED D3 lights after switching on 
the power supply, indicating that K6 is 
effectively connected to K2, allowing 
the peripheral device on that channel 
to communicate with the PC. If you 
press the button once, the next periph- 
eral is hooked up to the PC. Press four 
times and you're returned to the ini- 
tial state. Now, isn’t that simple? 
(SFURIG7-1) 
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dual output low-power 
thermostat Type LM56 


The LM56 is ideally 
suitable for: 


© Microprocessor thermal man- 
agement 

@ Appliances 

Portable battery-powered 3.0 V 
or 5.0 V systems 

& Fan control 

& ‘Industria! process contro! 

HVAC system 

& Remote temperature sensing 

Electronic system protection 


A National Semiconductor 
Application 


GENERAL 

DESCRIPTION 

The LM56 is a precision low-power 
thermostat. Two stable temperature 
trip points (V7, and Vy) are generated 
by dividing down the device's 1.250 V 
bandgap voltage reference with the 
use of three external resistors. 

The LM56 has two digital outputs: 
OUT, goes low when the temperature 
exceeds T; and goes high when the 
temperature goes below (T\—Hysf). 
Similarly, OUT, goes low when the 
temperature exceeds T> and goes high 
when the temperature goes below 
(T>—Hyst). Hyst is an internally set 5°C 
typical hysteresis. 

The trip point accuracy (including 
Vier Comparator offset, and tempera- 
ture sensitivity errors) is within 
+2-4 °C (depending on the version) 


THYST 5°C 
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over the temperature range —40 °C to 
+125 °C. 

The switching points of the device 
are shown graphically in Figure 1. 

Apart from the switching outputs, 
the LM56 also has an independent lin- 
ear sensor output voltage, Vern, 
which is 


Vienep = (6.20 mV/°C x T) + 395 mV. 


The LM56 needs a power line of 
2.7-10 V which, since the maximum 
current drawn is only 230 yA, is easily 
provided by batteries. 

The LM56 is available in an 8-lead 
mini SO8 surface mount package or in 
an 8-lead small outline package. 


TRIP POINT CALCULATION 
AND ERROR 

The functional diagram of the LM56 
is shown in Figure 2. Potential divider 
R,-R; determines the trip points: 


Vr = (6.20 mV/°C x T)) + 395 mV 
= 1,.250R,/(R,+R2+Rs3), 


and 


Vio = (6.20 mV/°C x T>) + 395 mV 
= 1.250x ( Ry a R>)/(Ry + R3+ R3). 
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The data sheet gives the sum of the 
three resistors as 27 kQ. This value is 
the optimum compromise between 
minimum current drain and minimum 
error. 

Higher accuracy may be obtained 
by the use of two independent poten- 
tial dividers, each consisting of two 
resistors only. The reason for this lies in 
the input current of the comparator. As 
long as the temperature lies below the 
trip point, virtually no current flows 
into the inverting input of the com- 
parator. When the trip temperature is 
reached, the input current rises to 
150 nA, and when the temperature rises 
even further, the current increases to a 
maximum of 300 nA. Even at the lower 
values of the current, it is easily calcu- 
lated that the upper trip temperature in 
particular is affected by this additional 
current through the divider. This is 
especially true when the two trip val- 
ues are close together. It is clear that in 
applications where accuracy is imper- 
ative the setup with two independent 
potential dividers should be used. 


TYPICAL APPLICATION 
The circuit for a simple overtempera- 
ture detector for power devices in Fig- 
ure 3 shows that an application using 
only one comparator is feasible. Here, 
an audio power amplifier is bolted to 
a heat sink and an LM56 temperature 
sensor is mounted on a PC board that 
is bolted to the heat sink near the 
power amplifier. 

To ensure that the sensing element 
is at the same temperature as the heat 
sink, the sensor's leads are mounted to 
pads that have feed-throughs to the 
back side of the board. Since the LM56 
is sensing the temperature of the 


Elektor Electronics 10/97 


1.250V Reference 
100k 


: oe 
: > 


Temperature 
Sensor 


970078 - 13 


actual PC board, the back side of the 
board has a large ground plane to help 
conduct the heat to the device. 

The comparator’s output goes low 
if the heat sink temperature rises 
above a threshold set by Ry, R3, and 
the voltage reference. This fault detec- 


tion output from the comparator can 
be used to turn on a cooling fan. In the 
figure, the fan is turned on when the 
heat sink temperature exceeds 80 °C 
and is turned off again when the heat 
sink temperature drop below about 
75°C. [970078] 


Pin descriptions (Figure 2) 


(aed 


This is the 1.250 V bandgap voltage reference output pin. 
in order to maintain trip point accuracy, this pin should 
source a 50 WA load. 


This is the input pin for the low-temperature trip point volt- 
age for OUT). 


This is the input pin for the low-temperature trip point 
voltage for OUT;. 


This is the ground pin. 


This is the temperature sensor output pin. 


| directly. 


This is an open-collector digital output, which is active low. 
it goes low when the temperature is greater than the To set 
point and goes high when the temperature is less than 
T2- 4 ~C, This output is not intended to drive a fan motor 


This is an open-collector digital output, which is active low. 
It goes low when the temperature is greater than T, and | 
goes high when the temperature is less than T, - 4 -C. This 
output is not intended to drive a fan motor directly. 


(V+) 


This is the positive supply voltage. It should be bypassed 
with a 0.1 pF capacitor to ground. 


5Vv 


Thermally Connected 
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For most electronics 
projects that require 
some form of cooling 
we make use of the 
classic heat-sink 
which employs the 
principle of passive or 
natural convection. In 
today’s computers, 
the processor is 
cooled by means of a 
_ heat-sink which uses 
~ active convection. By 
adding a miniature 
ventilator, such a 
processor heat-sink 
achieves a thermal 
resistance which is 
very low relative to its 
size. This article 
shows how a low- 
cost CPU cooler may 
be used for different 
applications, and how 
its thermal resistance 
may be measured 
empirically. 


Manufacturers of heat-sinks strive to 
keep the thermal resistance of their 
products as low as possible. That's 
why a physical shape is chosen which 
enables the flow of ambient air to 
‘accept’ excess heat as quickly and effi- 
ciently as possible. Normally, the prin- 
ciple of natural convection is used, 
which means that the airflow which 
results from the heat developed by the 
heat-sink extracts the excess energy. 
For this, it is necessary to give the heat- 
sink a physical design which makes 
the effective area in direct contact with 
ambient air as large as possible. So 
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a different application 
for CPU coolers 
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now you know why heat-sinks are 
large, bulky and pricey! 

Applications in which space is at a 
premium, for example, a computer or 
an amplifier, call for an extractor fan to 
increase the flow of air around the 
heat-sink. Although such a = fan 
requires some extra energy and space, 
and also causes extra noise, it does pro- 
vide a considerable increase in effi- 
ciency of the heat-sink. 

CPU coolers were developed to 
keep the operating temperature of 
energy-hungry processors like the 
Intel 486 and Pentium within limits. 
Such a cooler consists of a compact 
heat-sink with a small fan secured on 
top of it. The size of the heat-sink 
matches that of the processor for 
which it is intended. 

With some dexterity, such a cooling 
device may be used in combination 
with power transistors, voltage regu- 
lators and other heat dissipating com- 
ponents in electronic equipment. 
Because the thermal resistance of a 
CPU cooler is usually not stated by the 
manufacturer (who would want to 
know?) you have to measure it your- 
self using an experimental setup 
described below. 


MEASURE IT! 

As some of you may have discovered 
the hard way, CPU coolers come in 
various shapes and ratings. These vari- 
ants are necessary to match the vastly 
different electrical, thermal and phys- 
ical specifications of the CPU types you 
can get at present. 

Although most CPU coolers are 
designed for a specific processor type, 
information on their thermal resistance 
is sadly lacking in most, if not all, cases. 
Fortunately, this interesting specifica- 
tion is fairly easy to measure. The 
drawing in Figure 1 shows an experi- 
mental setup which allows you to 
measure the thermal characteristic of 
the CPU cooler. The starting point is a 
small, thermally isolated space made 
from polystyrene, having one open 
side onto which the CPU cooler is fit- 
ted. Mount a power resistor, say, a 10- 
Q 10-watt type, against the heat-sink, 
in such a way that it is encapsulated by 
the isolated ‘case’ when the heat-sink 
is secured to the open side. In this way, 
practically all heat dissipated by the 
resistor is transferred to the heat-sink. 
The wires connecting the resistor to the 
power supply are fed through one 
polystyrene wall. 
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Switch on the fan, apply about 
12 volt to the resistor, and measure the 
current it carries. Calculate the power 
dissipated by the resistor, ie., the 
amount of energy which is tarned into 
heat. With forced cooling as applied 
here, a power of about 10 watts is a 
good starting point. Allow the resistor 
to heat up over a considerable period 
(at least 30 minutes), so that you are 
sure that a stable situation is reached 
as regards thermal behaviour. Now 
use a thermometer to measure the 
heat-sink temperature, and that of the 
ambient air In this experiment, the 
heat-sink temperature should not 
exceed 50 to 50 degrees Celsius. If 
higher temperatures are measured, 
reduce the voltage across the resistor 
so that less power is dissipated. The 
thermal resistance of the heat-sink is 
the temperature difference between 
heat-sink and ambient air, divided by 
the amount of dissipated power. 


Practical example 


Voltage: 12 volt 
Resistor: 15 2 
Current: 800 mA 
Power: 9.6 watts 


Temperature 
Air: 24°C 
Heat-sink: 47°C 


Thermal resistance Ry, 
Rin = (47—24)/9.6 = 24 KW 


A DIFFERENT APPROACH 
If you know the brand of the CPU fan 
(look at the carton it came in) it may 
be possible to trace the manufacturer 
via the Internet. Many PC hardware 
manufacturers use a web site to pro- 
vide an overview of their product line. 
In the case of CPU coolers, all essential 
component data are shown, including 
thermal resistance. Information on 
CPU coolers from TennMax Inc., for 
example, may be found at 
httpfwww.tennmax.com. Similarly, if 
you have a Design & Technology 
cooler, go to http://www.destechinc.com. 


PRACTICAL USE 

If the CPU cooler is used in an appli- 
cation for which it is not intended (but 
very suitable), then you have to 
remove all special clips and retainers 
which normally keep the device 
clamped on to the CPU. The special 
feed-through connector which is used 
to power the fan is also removed. The 
two fan wires are connected to the 12- 
V supply of the circuit in which the 
active cooler is applied. In most cases, 
the fan will happily work at a much 
lower voltage, say, 8 volts, but do 
remember that the thermal resistance 
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derates, i.e., it goes up. However, the 
actual thermal resistance at the lower 
operating voltage may still be known 
if this voltage is also used in the exper- 
iment described above. 

The photograph in Figure 2 shows 
how transistors or, for example, volt- 
age regulators may be fitted on an 
active heat-sink. The results may be 
improved considerably if you apply 
some heat-conducting paste. Also 
ensure that the complete assembly is 
securely mounted to prevent fan 
vibration putting strain on IC termi- 
nals, which may break or come Joose. 

Finally, a practical example. Let's 
assume we want to build a linear 
power supply with an output voltage 


of +12,-12 and +5V. all outputs 
should be capable of supplying a cur- 
rent of 1 A. The design is to employ 
three voltage regulators: a 7812, a 7912 
and a 7805. The 12-volt regulators 
receive an input voltage of 20 volts, 
which results in a maximum dissipa- 


tion of 8 watts per regulator, The 7805 
receives an input voltage of 15 V, so 
that its maximum dissipation works 
out at 10 watts. So, when the supply 
is fully loaded, the voltage regulators 
dissipate a total power of 26 watts. If 
an active heat-sink is used with a ther- 
mal resistance of 1.5 K/W, this dissipa- 
tion causes a temperature rise of 39 °C. 
If a passive heat-sink were used to 
achieve the same specification, you 
would have to go for a type like the 
Fischer SK133 with a size of 
1504050 mm and a thermal resis- 
tance of 1.7 K‘W. Thanks to the modi- 
fied CPU cooler, the power supply can 


be designed into a much smaller case 
than would have been possible using 
a passive heat-sink. 

{o70?4-1} 


a7 


970074-11 


Wwe infra-red-controlled 
noiseless volume control | 


with Type DS1669 electronic potentiometer 


The circuit described 
in this article is emi- 
nently suitable for 
those who appreciate 
comfort as well as 
sound quality. In the 
circuit two integrated 
electronic potentiome- 
ters are operated by 
an RC65 infra-red 
remote controller to 
provide a volume con- 
trol that is not only 
free of crackles and 
other annoying 
noises, but is also free 
of wear and tear. It is 
intended to be built 
on a small printed-cir- 
cuit board that can be 
conveniently built into 
almost any existing 
amplifier. 


a sy Design by T. Giesberts 


ELECTRONIC 
POTENTIO- 
METER 


The design is based on 
two _ electronically-con- 
trolled potentiometers Type 
DS1669 from Dallas Semiconductors 
that were 
described in the 
January 1997 issue 
(page 38) of this 
magazine, 

Briefly, these 
potentiometers 
consist of a resis- 
tance track tapped 
at 64 positions sep- 
arated in equal 
steps, a 64:1 multiplexer, control cir- 
cuits, and an EEPROM. The devices 
are available in a DIP case (Type 
DS1669), or an SMD (SO8) case (Type 
DS1669S). Both types are available in 
one of three values: 10 kQ, 50 kQ, or 
100 kQ. The value is identified by 
adding the number 10, 50, or 100, as 
the case may be, to the type coding. 

The 64 outputs of the resistance 


Elektor Electronics 


track are fed to the multiplexer, 
which determines which of the out- 
puts is required; the relevant data is 
then stored in the EEPROM. This 
ensures that even when the supply to 
the device is switched off, the set value 
of resistance is retained. 

The control circuits are driven by (1) 
an up/down switch connected 
between UC and earth (input DC is 
connected to the supply line), or (2) 
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two down/up switches connected 
between DC and earth and UC and 
earth respectively, or (3) a microcon- 
troller. The resistance track, R, is ter- 
minated into pins 4 (RIL=R low) and 
1 (RH=R high) (see Figure 1). In sin- 
gle-switch operation, when the switch 
is pressed, the imaginary wiper moves 
towards one end of the resistance 
track; when that is reached, it reverses 
direction and moves towards the other 
end. The same happens when the cir- 
cuits are controlled by pulses from a 
microcontroller. In two-switch opera- 
tion, when the ‘down’ switch is 
pressed, the imaginary wiper moves 
towards RL and when the ‘up’ switch 
is pressed, towards RH. 

The Digital) input intended for 
microcontrollers is internally 
debounced. For this purpose, the IC 
does not react immediately to a switch 
being pressed, but only after 1 ms. 
When a switch is pressed for less than 
1s, this is considered as one action. 
When the switch is held down longer 
than 1s, the wiper is advanced one 
step every 100 ms; this is called the 
auto-repeat function. The wiper takes 
about 7 s to travel from one end of the 
track to the other. 

The UC and DC inputs of the two 
potentiometers, IC, and IC; (see Fig- 
ure 2) are switched by ICy. In this, ICs, 
and IC; perform a special function 
which will be reverted to later. 
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INFRA-RED CONTROL 
The infra-red (IR) signal emitted by an 
RC5 controller contains two important 
data: the system address and the 
actual command. According to the 
RC5 code, the system address of a pre- 
amplifier is ‘16’. If this address is 
already occupied, or if the poten- 
tiometer is not fitted in a preamplifier 
but in another type of equipment, a 
different address may be used. 

The address is set via inputs Ag-Ag. 
For address ‘16’, inputs Ag-A3 must be 
logic 0, which is arranged by short-cir- 
cuiting pins 1 and 2, 3 and 4, 5 and 6, 
and 7 and 8, on Kj, and leaving 9 and 
10 open. Address ‘0’, reserved for tele- 
vision receivers, is set by short-circuit- 
ing all five sets of terminals. It is clear 
that the choice of key on the RC5 con- 
troller is determined by which of the 
pairs of terminals is short-circuited. 

The signal from the RC5 controller 
is received by IC;. This is a special 
device from Siemens which contains 
an IR photodiode and a complete 
receiver. The demodulated signal at its 
output, pin 3, is applied to decoder 
IC3, which converts it into a digital sig- 
nal. This signal is available as a logic 
level at outputs A-F In the present cir- 
cuit, only two commands are of inter- 
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address F E DC B A command 
16 O 100 0 O louder 
17 O1 00 01 softer 
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Outputs B-F of IC, are linked to five 
of the P-inputs of digital comparator 
IC3; the remaining three P-inputs are 
strapped to earth. The output, pin 19, 
of the comparator is low when the 
data word at the P-inputs is the same 
as that set at the Q-inputs via K9. In 
that case, D3 lights. 

Output A of IC is purposely not 
linked to one of the comparator 
inputs, since the state of this bit (LSB) 
is different with commands ‘louder’ 
and ‘softer’ and might therefore upset 
the correct functioning of ICs. 

The receiver IC is decoupled by 
network R,-C;, and the decoder IC by 
network R3-C;-C¢. 

Network R3-C) provides a power- 
on reset for IC. 

Jumper JP, enables decoder IC) to 
process RECS80 or RCS codes. Nor- 
mally, this will be the RC5 code, in 
which case the jumper must be 
between pin 11 and earth. 

Crystal Xj, in conjunction with Ry, 
C; and Cy, ensures that the clock for 
IC> is correct. 

Resistance arrays Rs, Rg, and Rg, 
function as pull-up resistors for the 
various inputs and outputs. 
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SYNCHRONOUS 
CONTROL 

It was stated earlier that the poten- 
tiometers are controlled by linking the 
UC and DC inputs to earth. This is 
effected by an analogue multiplexer, 
two of which are contained in ICy. The 
use of a multiplexer makes it possible 
for two switches to be added if 
desired. For this purpose, pins ‘up’ and 
‘down’ are provided on the printed- 
circuit board. The Type 4052 used for 
IC, has the added advantage of not 
needing additional logic circuits for the 
correct decoding of the rotary direc- 
tion. 

The address of the multiplexer is a 
combination of the decoded LSB (out- 
put A of IC;) and the output of IC. 

As mentioned earlier, when the UC 
or DC input of IC, or IC; is actuated 
longer than 1s, their wiper is shifted 
automatically one step every 100 ms. 
In the present circuit, in which the ICs 
are controlled in parallel, the wipers 
may not always move in synchrony, 
and this is why the auto-repeat func- 
tion is disabled. Instead, the ICs are 
driven by discrete pulse trains avail- 
able at the CA output of IC;. When the 
signal from the RC5 controller is sus- 
tained, a 15 ms wide pulse appears at 
the CA output every 120 ms. Both the 
width and the repetition frequency of 
these pulses are eminently suitable for 
repeated actuation of the potentiome- 
ters. More importantly, synchrony of 


os 


ewe 


o}ofo) 


3 


operation is guaranteed. 


DEAD TIME 

The output of comparator IC; remains 
low as long as the CA output of IC) is 
active, which makes it difficult to 
ensure that the wipers of IC, and IC; 
do not move more than one defined 
step. Therefore, a dead time is pro- 
vided by IC;, which may be set 
between 0.22 s and 1.22s with Py. The 
arrangement is that the first wiper 
movement takes place immediately 
IC; outputs a pulse. Then follows the 
dead time, and then the pulse train. 

The dead time is actuated by trig- 
gering monostable IC.) at the leading 
edge of the first pulse output by IC3. 
The Q-output of ICs), is then high and 
prevents any further wiper movement 
by disabling the inhibit input of IC4. 

Since the Type 4538 used for 
the monostable is retriggerable, IC;, 
has been added to prevent unwanted 
lengthening of the dead time. Both 
monostables are triggered simultane- 
ously, so that ICs, at once disables the 
trigger input of IC5, by making pin 11 
low. Since the mono time of ICs, is 
longer than the repetition time of IC3, 
any pulses repeated at the output of 
the comparator have no effect. 

The length of the dead time is best 
determined empirically; normally, it 
will be sufficient to set P) to the centre 
of its travel. 


PRINTED-CIRCUIT 


BOARD 

The circuit is best constructed on the 
printed-circuit board shown in Fig- 
ure 3, which has been kept as small as 
possible since it is expected that most 
constructors will want to built it into 
an existing equipment to replace the 
volume control(s) in this. The connec- 
tions to this control must be cut and 
linked to terminals RH, RW, and RL on 
the board. 


FINALLY... 
Although [C, and IC; are protected 
against high input voltages by diodes 
D3-D,, the applied input signal should 
not exceed 1.5 V rms. 

The linear characteristic of the 
potentiometers may be given a rather 
more logarithmic aspect by connecting 


Elektor Electronics 


10/97 


| 
| 


resistors R,; and Rjz between the RW 
and RL terminals as shown in Figure 2. 
The value of these resistors should be 
Mo of the value of the potentiome- 
ter. Be careful, however, not to damage 
the ICs, because the current flowing 
through the wiper must not exceed 
ImA. This means that the resistors 
should only be used with 100 kQ 


We are a mail order company and manu- 
factoring parts sets dedicated to ELEKTOR 
since 1985. The following sets included all 
required components : 

according to the componats list, 

titon ELEKTOR PCB, 

in hi ws uality trom major manutacturer 

ELE R-PCB/software, 

Ie-sockete 
The sets included not description, mains 
transformer and enclosure. 


970020 Dual continuity tester £ 10,24 
970023 Electronic code lock £ 27.38 
970050 Chipcard reader/programmer 

excl. CR 1 £ 
Chipeard connector CR1 
970053 Centronics relay card 
970055 Charging booster £ 25.22 
970059 Data aquisition system £ 58.70 
972020 SBE audio amplifier pags fax 


14.19 
please fax 
£ 38.65 


962008 Hexadac. keybd for PC 
974012 Digital tester 

974019 Active windscreen wiper 
974024 Switch mode power supply 
974025 Selective door chime 
974041 Stepper motar contraller 
974042 AGB video amplifier 
974054 Musical touch tones 
974077 Supply board 

974078 Mains on delay circuit 
974100 Stand-alone-MIDI-synthesiz 


Por mre ro ror 


Oo rMerns 


TY 

970028 LAC-meter incl, transform. £163.67 
970028 Enclosure-set £ 47.40 
970039 Temp.volt. contr. for DMM £& 7.57 
970045 AC biswitch £ 14.08 
970046 Earth leackage meter 

incl. case 435 £36.97 
970048 800537 single board compuler 
wio IC 2, incl, software and battery £ 91.63 
972015 Mini progr. EEPROM £ §.20 
972016 Mini progr. PIC £ 470 
976005 Software remote cantroh £ 7.50 


potentiometers. 


circuit wire. 


976007 Software mini programmer £ 4.80 


970021 Wideband Millivoltmeter 

incl. enclosure E440 w'o DVM E 46.96 
3,5 digit LCD DVM module £ 6.40 
970041 Long distance IrDa £ 36.89 
970042 4-channel logic analyser £ 6,18 
970043 Compact 50-watt audio amplifier 

incl heatsink w/o power supply £ 66.71 
970043-N Power supply £ 65.15 


960112 Digital thermostat £ 57.33 

970022 2-wire domestic alarm system 
wio enclosure 

970031 Optical/coax converter 

970036 Universal power supply 


35.43 

17.22 

12.58 

960096 Electronic fuse 27.93 

970003 Battery-operated AF- 
signal generator 

970006 Battery simulator 

970010 Eprom programmer 

976003 Software 

970037 uC-controlled mixer-board 


22.03 
17,82 
34.83 
14,85 
74.96 


960094 Battery-operated AF-amp. £153.55 

UC 202 enclosure £ 26.28 
960095 Motor contr. f. R‘C models £ 33,42 
970007 Mini LED running light §.72 
970008 68HC11 emulatar 78.67 
970009 Self-inductance meter 21.05 
greets er epe ng eet 24,55 


960089 Dongle switch ‘nel. case 13.12 
960100 Magnetic-field meter incl.case 22.63 
960113 Speed regulator incl, enclosure 
and knobs £ 29.55 
970001 Monitor to guard fridge temprature 
incl. enclosre £ 26.01 
966022 Small workshop disc £ 10.60 
976003 Software compatition £ 15 80 


960068 Remote control ey visible ight 
wo case, battery, brass 23.18 

KM 14 enclosure 

960082 Guitar-effects switch 

960098 AS 232 data aquisition card 


£ 2.35 
£ 35.79 
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Inh. Georg Stippler 
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When the circuit is built into an 
existing equipment, it must, of course, 
be done in such a way that the IR 
receiver is exposed to the outside 
world. It may be necessary in some 
cases to extend the terminals of the IC 
with three short lengths of insulated 


Since the circuit has its own recti- 


incl. software 956508. 956018 £ 39.42 
960106 Primary-battery refrasher £ 24.51 
960110 20-bit A-D converter 

incl. mains transformers £169.03 
964010 Radio failure protection £ 6.88 
964031 AC-mV-adaptor incl, case £ 10.96 
964062 Electrically isol. I2C bus £ 12.43 
964070 Mains voltage cleaner £ 25.49 
964079 Battery indic. LEDincl. case 8.62 
964082 EMI tracer £ FSF 
964088 Stroboskop f. motorcycles £ 24.38 
964089 Capacitance comparator £ 11.62 


960079 50 Watt AF-amplifier 

wid power supply incl. heatsink £ 22.48 
960107 = [rDA-interface w/o option 

incl. enclosure, software 966020 £ 32.63 
960107-O Parts "optionally" £ 3.76 
960109 Headphones amplifier £ 12.03 


960071 Thrifty crystal oven incl, trans- 
former and tin-plate frame £ 21.92 
960075 Mini metal detector 
incl.M1 and wire wio search coil £ 20.04 
960076 Video test chart generator incl. 
transformer, modulator, software £107.73 
960078 Mini flash programmer incl. Disk 
966015 and test socket £ 36,32 
960086 Dark room timer incl. transformer 
and enclosure E 430 £ 32,31 
960093 Sampling rate converter 
incl. 966511 and X1=33.8688 M £102 


960010 Digital min‘max thermometer 

incl. case HE 222 £ 43,42 
960063 Stand by unitincl. transf. £ 31.99 

Enclosure SG 435E € 13.19 
960085 Digital compass incl. case £ 52.99 
960090 RS232 interface for ICL 7106 

incl. disk 966016 and ICL 7106 


930096 Solar-charging regulator 

incl. case (metal), heat sink, £ 35,60 
936024 Harmonic distortion meter 

incl, 1%-capacitors, enclosure £ 27,56 
936037 Grid dipper 

incl, enclosure typ 1590C, moving coil, 


fier (D7) and regulator (IC), the input 
power supply may be any a.c 
source providing 9 V or more. This 
may be a mains adaptor, but it may 
also be possible to draw it from the 
equipment into which the volume 
control is to be fitted. 


or dic. 


(OF 004) 


knobs, screws, withaul coils £ 61,84 
964039 50 MHz decibel-milliwatt meter 

incl. case 15908 £ 96,92 
964040 Battery capacity tester £ 18.34 


960077 Flash-Eprom programmer 
emulator without Eprom 

960077-K Flatcable + connector 
29F010-12 Flash-E prom 


£63.97 
£ 3.22 
£ 6.81 


960049 Supwcoter without is. 
incl. components filter, arnplifier, trans- 
former, heat sink SK 47/400 £111.98 

960033-1 Logic analyser ; main board 
16 channel incl. of all parts as probe 
clips, casa RE1, IC4/5, disk £104,27 

Extension board without PCB incl. of 
allparts as IC 21, probeclips £ 48.91 

960033-2 PCB extensionboard £ 15.90 

960055 Mains voltage monitor 
incl. transformers, case E 411 

950098 Digital VU meter 
Enclosure LC 750 


B 2051 
£144.51 
£ 12.09 


Ail components and PCBs are as single 
parts aeatable. 


England : 

Glagincering Q@errices 
20 Orchard Flatts Crescent 

Wingfield, Rotherham Sé614AR 
Tel/Fax 01709 560650 


Indonesia : 

PATTRA ELECTRONICS 

cL aparist no.184/87 Bandung 40262 
Ji-Dulatip no. 67 Bandung 

Tel/Fax 022 493179 

Israel : 

Elektorcal Ltd. 

P.O.B. 41096 TelAviv 61410 

Tel. 03 6591991 Fax 03 6596244 


Sweden : 
PB Elektronik AB 


Box 5516 S-14105 Huddinge 
Tel fe w190a¢0 Fak 68 7401806 


‘il prices inf without 15 % VAT (BTW). Custamers inside EU add price + P&P + VAT 1 
Please send orders only by mail or fax. After we received your order you will get a proforma 
invoice with details how to pay. Please do not send cheques or giro transfer in advance ! 
Credit card ; Please don't forget card number, expiry date and signature ! 


We tis 


Charges for P&P (air mail) : 


Inside of EU: & 4.00 up tof 25, outside of EUE Supto£ 50.00. 


At 


American Express, Diners Card, Eurocard, Masterca 


VISA 
(Depends on weight) 
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Slectronics on-line 
upgrading 


Your faithful editorial staff scoured 


Performance Related Informarion 


« Beoclunml Score Compapisoy Surveys 


Bes the new Muaslone DT Survey! Wen 


+ Performan: 6 and Upgrade Tips 


aE  exfannecice Enbancirg ™ lilies 


There are lots of people on the Inter- 
net, individual enthusiasts as well as 
company workers, who are involved 
in building, upgrading and extending 
computers. Most companies use their 
webbed information to promote sales 
of hardware to interested clients. Man- 
ufacturers of, for example, mother- 
- boards and processors are generally 
more interesting because they are able 
to present really useful information on 
their products. None the less, the most 
gratifying sites, in our opinion, are the 
ones designed and run by private 
individuals. 
A very extensive site covering com- 
puter systems is the System Optimisa- 
tion Web Site (hitp://www.sysopt.com/) 
where you find test programs, infor- 
mation about upgrading and over- 
clocking, hardware and software data 
_ and hardware tests. Well worth prying 
into. 
The second favourite on our list is 
Tom's Hardware Guide (http//www.sys 


[ {Uhar's Mew ? (Updared 31997) | Improved Search’ F Maik (ouunenss | Advertsing! | 
Product Evatration and Exchange 
+ PC Hardware Test Lab Reviews 


Revie pa fir acthebouds odnns, and mor 


+ Survey of Mail Order Sales Compames 


Take tae aurvey ie belp orted cu the good from she bad 


Sew earevy design ip bere =| 


Tom's Hardweare Guide 


Is your system doing a little more than it 
should with your data? 


Please select the page you'd like to read: 
farweties 9 Tera Ste Ei sa | 


doc.pair.com/) which is a real treasure 
trove for computer-related informa- 
tion. It contains tests of various 
recently introduced PC mainboards, 
news snippets on the latest technolo- 
gies and processors, and an extensive 
story on overclocking. Tom also orga- 
nizes a couple of surveys covering 
mainboards and overclocking. Here, 
long lists may be found in which site 
visitors state their findings with these 
subjects. 

Beginners as well as experienced 
computer tuners will find lots of data 
on home construction and upgrading 
of PCs in The Upgraders’ Workshop 
(http:///www.computernerd.com/ 
workshop.htm). If you are interested in 
building your own PC, the site called 
Build Your Own PC _ (http://www. 
verinet.com/pe') is also worth a visit. 
Here you find A-to-Z information on 
everything you should be aware of if 
you want to assemble a PC yourself. If 


By ASL. Cas 


Wakurer to the Hardware Book, iJptbinad § lakgeie Jove cillection if aeancion peninuss and able depiripetain,- 
; Cheated iid wiainicthied by Jaki Crank 


the Internet for interesting sites 
that link to the subject of this 
month’s Supplement: PC Upgrad- 
ing. If, after reading the articles in 
the Supplement, you can’t wait to 
have a go at PC tuning and 
upgrading, read this page, too, 
because it provides useful links to 
additional information about the 


subject. 


your hunger for information is still not 
satisfied, then take a look at the Build 
a Computer site (http://www.geocities. 


cony Siliconvalley/lakes'7903/assembly.fitmt). 

Another good site for the PC 
builder is called PC Mechanic 
(http:/fwww.pomech.pair.con:). As implied 
by its name, this web site provides a 
lot of information on all hardware in 
and around the computer. But that’s 
not all, because the PC Mechanic 
pages also deliver a lot of other useful 
information like error codes and DMA 
usage. 

Finally, an address which is not just 
of interest for building or upgrading 
a computer. The Hardware Book 
(http://w. blackdown.ore!~hiwbh/hwb.html 
) contains one of the largest collections 
of connector and cable data ever seen 
on the Internet, We say it’s definitely 
worth adding to your list of Favourite 
Sites! (975065-1) 
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As suggested by the prominent place it receives at 
the beginning of this free Supplement on the subject 
of upgrading old PCs, the motherboard is without 
doubt the most essential part of a PC because a fair 
number of options depend on it. In this article we 
have a close look at the modern motherboard in alll 
its different varieties, with particular attention to those 
aspects you should really be aware of before ope- 


ning your wallet. 


PC UPGRADING 


motherboard upgrading 


avoid those pitfalls 


Picture shows, left to right, an AB-ITSH supplied by AMOR Computers (Venlo, NL], an Asus TX97-E (IMA Electronics, Oosterhout, NL}, a Soyo 
5VD5 (Soyo Europe b.v., NL], a Gigabyte ATV and {in front) a BMG TVX-8500 (both from Orbit Computers, Aachen, G). 


Over the past three months or so, seve- 
ral members on our laboratory and 
editorial staff have been very busy in 
their struggle to replace PC compo- 
nents like the motherboard, video card, 
CD-ROM player or hard disk. The pitfalls 
noticed in some of these activities, we 
thought, would be worthwhile to put on 
paper and share with our readers, 

Act 1; (saddened) owner of an 
486SX33 becomes aware of the fact 
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that new versions of programs for which 
he/she just obtained an update run 
very slowly, or not all. Starts to scratch 
his head. Let's try to put the problem 
into the proper perspective: what's the 
use of embarking on an undertaking as 
complex as upgrading the PC? 

Act 2: he/she is off to the nearest 
WH Smith store and buys a couple of 
special interest magazines. Few howe- 
ver cover the complex subject of PC 


upgrading, leaving the SX33 owner no 
alternative but to work out a strategy for 
himself. 


One phase you can't avoid in the pro- 
cess of upgrading a PC (which, by the 
way, is more complex than one would 
imagine) involves replacing the 
‘engine’ of an existing system. One of 
the first things that strikes you when exa- 
mining the specifications of various PC 
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motherboards is that there are in fact 
fewer manufacturers around than one 
would have thought given the number 
of board names you come across in 
the quest for the motherboard of your 
dreams. In the world of PC system 
assembly, some of the most frequently 
heard manufacturer names are (in 
alphabetical order) Abit, Asus, Boston, 
Genoa, Gigabyte, Intel, Microstar, 
Mitac, QDI, Soyo, Supermicro and Tyan. 
This list is not exhaustive! 


Why change 
the motherboard? 


One of the major reasons for replacing 
the motherboard in your trusty PC is to 
reap the benefits of higher speed than 
the previous generation. This speed 
gain is mostly due to the faster CPU on 
the new motherboard, That brings us to 
one of the other essential points you 
have to pay attention to: to be sure 
about the processor you wish to use. 
This choice should be given some 
thought because there are a few 
motherboards around that do not 
accept all currently available proces- 
sors like the Pentium (MMX), Cyrix/IBM 
150+/166+, AMD K5 and Ké6 and IBM 
PR200+. 

The choice of the processor has 
important ramifications for the CPU sup- 
ply voltage which has to be furnished 
by the motherboard: 3.3 V (for the Pen- 
tium and the Sxx versions of the 686 
from Cyrix/IBM); 3.35 V (Pentium and Vxx 
versions of the 686; 2.8/3.3 V (Pentium 
MMX and Cyrix M2); 2.9/3.3 V (AMD's K6 
166 and 200 MHz) or 3.2/3.3 V (AMD's 
233-MHz K6). Fortunately, in practice 
you only have to ascertain that the 
motherboard you have in mind can 
work with the processor of your choice. 
For this check there is really no need to 
go Into technical details regarding the 
CPU supply voltage. 


The K6 from AMD is a remarkable com- 
ponent which will not fail to interest 
many owners of a motherboard of 
recent make (not older than 6months 
or so) mainly because this processor 
can be fitted in the ‘Socket 7'-style CPU 
holder, and is supported by many exis- 
ting motherboards. So you may want to 
contemplate upgrading to a Ké without 
even changing the motherboard. And 
that leads us to the next question: 


Intel Inside or not? 


Contrary to what you might think, the 
first action to take in the upgrading pro- 
cess is to make an informed choice 
regarding the processor which is to be 
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at the heart of the new (or souped-up) 
computer. This is because the CPU type 
determines to a large extent what can 
be done next, even if you are able to 
keep using (a number of) your existing 
cards, and even if your PC is not a type 
with just a VLB (Vesa Local Bus), a stan- 
dard now totally eradicated and repla- 
ced by PCI. 

These days, the PC owner is confron- 
ted with a bewildering number of pro- 
cessors to choose from, and the ‘latest’ 
type is always ‘faster and better’, One 
of the best known CPUs is without doubt 
the Pentium Il (originally known as the 
Klamath, this is a Pentium Pro endowed 
with MMX functionality). The main 
disadvantage of the Pentium II is that it 
marks a complete departure from the 
Socket 7 standard, its physical outline 
requiring a specific motherboard which 
offers a specially designed single-edge 
connector (SEC). At this point, we will 
not discuss the K5 and other 586 CPUs 
which are fast upgrades for those won- 
derful 486-based motherboards many 
of you can't think of being separated 
from as yet (but do read the last para- 
graph on Overdrives). 


Everybody seems to agree that the 
6x86 from IBM/Cyrix was the first CPU to 
make a tiny dent in the virtual mono- 
poly held by Intel. in the aftermath of 
this (relative) success, Cyrix recently 
launched the M2, a direct competitor 
of the Pentium Il. 

AMD, another ‘David’ in the arena 
(assuming that Intel is Goliath), and not 
resting on its laurels either, introduced 
its K6 a few months ago. In the case of 
the M2 and the K6, it is correct to speak 
of worthy competitors of the Pentium ll. 
Both the Cyrix and the AMD CPU have 
the full MMX instruction set. Unlike the 
Pentium Il however, these newcomers 
are happily seated in the familiar Soc- 
ket 7, which obviates the need for a 
new motherboard. Assuming that Intel 
does not grant us large price cuts, the 
AMD and Cyrix CPUs are about 50% 
cheaper for comparable performance. 
The only (small) disadvantage of the 
new rival CPUs is that their use may 
require some modifications (minor 
ones, says AMD) fo the BIOS on the 
motherboard. These processors are 
also representative of the ongoing 
trend towards ever higher speeds, AMD 
having announced the release of a 
300-MHz version of the Ké6 within the 
next few months. Looking a little further 
into the future we see Intel developing 
out and introducing their MMX 2, the 
Katmai. Although the P7 (code name 
Merced) is scheduled four launching in 
1998, you should not be surprised if 
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fierce competition causes an earlier 
release, And then we don’t even men- 
tion the Deschutes, a special version of 
the Klamath aimed at the server mar- 
ket, or the Tillamook, a module desi- 
gned for use in portable computers. 
Very likely, when you read this, the 
MMX concept makes a fierce attack 
on the market, putting considerable 
pressure on PC users who are as yet 
unsure about the benefit of upgra- 
ding. Reportedly, the use of an MMX 
CPU yields a 10% increase in perfor- 
mance of regular (i.e., non-multime- 
dia) software, while a much greater 
speed boost is said to be in store for 
software which is specifically written to 
run on an MMX processor. The prices 
of the slowest MMX processors (166 
and 200 MHz) are sure to drop when 
the 233, 266 and 300MHz versions 
arrive. You may therefore have to 
decide for yourself whether or not to 
splash out on an MMX CPU if you are 
already in the process of buying a 
new motherboard. Remember, the 
concept of MMX is not restricted to 
Intel CPUs: AMD's K6 and Cyrix's 
6x86MxX also offer full MMX support. 


Which motherboard? 


Basically, there are two types of mother- 
board: (1) the classic type which has 
jumpers which enable a certain num- 
ber of settings to be selected such as 
processor speed and bus speed, and 
(2) the jumperless motherboard, which 
allows all settings to be made by 
means of software. The ABIT IT-5H is a 
good example of this class (see inset). 

Let's have a look at some of the 
technical aspects you have to examine 
when choosing a motherboard. 


Board size 

There exist two motherboard footprints: 
Baby-AT and ATX. Each of these has its 
own power supply connector: 12-way 
in-line on Baby-AT boards, and two rows 
of 10 contacts on ATX boards. Cards 
having both type of connector are few 
and far between. The ATX version is 
easily recognized by the fact that the 
CPU is never in the way of extension 
cards. Choosing the wrong card in res- 
pect of size may mean that you have 
to buy a new case (which is usually 
supplied with an integral power supply). 
The Baby-AT format seems to be open 
to free interpretation: while the width is 
usually 22 cm, the length can be any- 
thing between 22cm and 33cm. An 
ATX board measures about 
30.5x24.5cm, although exceptions 
also occur (e.g. 21.2cm for the TX97- 
X(E) from Asus). 
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= an interface between the user softwa- 
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BIOS = 
The function of the BIOS is to act as Exploring the Motherboard 


ae 


a re and the electronics available on Over the years, the motherboard has become a single, large, printed circuit board. |) 
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= lopment. A flashable BIOS with an 
“. associated control program and data 


Z the motherboard and extension Although today's motherboards contains fewer components than the one fitted in a vin | 
cards. The electronics, in turn, control tage IBM XT PC, its structure is far more complex. Time for a quick tour of the system! 


the various peripheral devices instal- 
led in the PC or connected to it. PC 
tuners/tweakers will want to update 
the BIOS quite frequently to keep up ~ ; ; 
with continuous technological deve- ao ; 
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= file is preferred in this respect becau- meré ==... 


E Extension connectors 

-. Nearly all modern motherboards keep 
- offering a number slots of the ISA 

Be type, a format which has been around 
= ever since the first PC. Its younger 

~ and faster counterpart is the PCI bus 


- Having a width of 32 bits, the PCI bus 
“= allows much higher data transfer 
= rates to be achieved. 


= Physical size 

- As mentioned elsewhere in this 

* article, motherboards come in two 

-*« sizes: Baby-AT and full-size ATX. 

- These differ in respect of the CPU 

=; position, or the location of connectors 
«= for peripheral devices. The shape of 
“; the power supply connector is also 

= different: 12 pins for the Baby-AT 

© board, and 20 pins for the ATX. 


- Voltage regulators 
- These components, of very rudimen- 


== age, are rapidly becoming more and 
= more sophisticated, the most recent 


= power switching principles. There are 
© vast differences in the supply charac- 
=~ teristics of Pentium processors: some 
“> require 3.3 V, others 2.9V, 2.5V or 
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(peripheral component interconnect). 
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tary design at the beginning of the PC 2 


models employing switch-mode 


~ even a combination of these (‘split CPU socket 

- CPU voltage’). You can easily identify - ~ All recently produced motherboards have a ZIF (zero 
== a Switch-mode power supply by the insertion force) socket for the CPU. Most Pentium 
=. presence of one or two ferrite ring compatible motherboards have a ‘Socket 7’. The 

» cores in the direct vicinity of the regu- - Pentium Pro CPU requires a physically larger socket 


= lator proper. with more pins, called ‘Socket 8’. 
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z= Inp 
= On the most recent motherboards, 
= the I/O (input/output) connectors are 
= regrouped. The absolute minimum to 
= have is a keyboard socket, an FDD 
loppy disk drive) connector, one (or 


two) E-IDE hard disk drive connectors ~ 


(also for a CD-ROM drive), one paral- 
- lel port, and two serial ports. On 
- some cards you may also find an 
DA port, a PS/2 mouse connector 
nd an USB pin header. 


- Memory 
The classic SIMM module (30 
contacts, 8 bits + parity in some 


cases) has virtually disappeared from Z 


the market. The replacement was a 
32/36-bit module with 72 contacts. 
The arrival of CPUs with a 64-bit bus 


caused yet another memory variant to Z 


be thrown at us: the 168-pin DIMM 
module. In contrast with 72-pin style 
sockets, the 168-pin DIMM version is 
polarized to prevent any risk of a 
DIMM being fitted the wrong way 
around. 


Chipset 

The function of this set of very com- 
plex integrated circuits is to arrange 
the data and control signal traffic on 
he motherboard, relieving the CPU o 


his time-intensive task. The most fre- Z 


==, quently applied chipsets are from 


<= Intel, and they go by type numbers 
©7 like 82430FX/HX/T 


. This is basically a buffer memory bet- Z 


ween the processor and the system 


RAM. The processor itself already has 7 


a certain amount of internal memory 


(the internal cache). A memory with a 


far greater capacity, the cache RAM, 
is often soldered directly on to the 
motherboard. While the difference in 
performance between 0-k cache and 
256-k cache is remarkable, there is 
little or no point in installing more 
than 512 kbyte of cache. 
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It should be noted that there is also a 
less well Known format around called 
mini-ATX (19x 30.5 cm). 

Today, it looks as if the ATX shape is 
becoming the standard, mainly 
because it has sufficient space for the 
CPU in combination with (full-size) exten- 
sion cards. Another advantage is that 
some of the extra contacts on the 
power supply connector have been 
given very useful functions. One of 
these is a sleep/awake detector which 
allows certain extension cards like a 
modem to receive a supply voltage 
while the PC is actually switched off 
(provided, of course, the mains plug is 
still in the socket). 

Another aspect to pay attention to is 
that the connectors for the keyboard, 
mouse and other peripherals are pro- 
perly aligned with the respective holes 
in rear panel of the PC case. 


BIOS 

One of the technical characteristics you 
have to take into account is the BIOS 
used on the motherboard, or, more pre- 
cisely, the BIOS manufacturer (Award, 
AMI, Phoenix and others) and the type 
(regular EPROM or Flash EPROM, the lat- 
ter can be reprogrammed in-circuit with 
the aid of a small control program and 
suitable data). The chip set and the BIOS 
belong together, the BIOS making the 
best possible use of the features offered 
by the chip set. If you are courageous 
enough to have a go at changing the 
BIOS contents yourself, you should 
choose a motherboard with a Flash BIOS 
as that will enable you to perform an 
upgrade if and when necessary. 


Memory 

Less than ten years ago, everybody, 
including Bill Gates, agreed that 
640 kBytes was a more than ample 
amount of memory. Today, the mini- 
mum amount seems to be 16 Mbytes, 
while 32 MBytes is recommended if 
you want to get any serious work 
done. Everybody is now in favour of 
using EDO memory. “So what can | do 
with my eight 1 Mbyte x 9 bit SIMM 
modules?” Developments in the PC 
memory scene are so fast nowadays 
that there it makes no sense, in our opi- 
nion, to invest in two adaptor boards 
(one for every four SIMMs) which, toge- 
ther with two additional 4-Mbyte 
modules, would produce the ‘bare 
minimum’ memory amount of 
16Mbytes. Even if you would decide 
to pursue this course, you may have to 
think again because problems may 
arise from the combination of ‘grou- 
ped’ SIMMs and the two 4-Mbyte 
modules you bought (the lof may not 
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fit on your motherboard, or the 
motherboard may not recognize the 
combination). Some of the latest 
motherboards, including those from 
Asus, do not even have SIMM sockets 
any more, making it impossible to re- 
use your old memory modules. 


Input/output connectors 

We're now definitely past the times of 
special insertion cards for driving per- 
ipheral devices, diskette drives, hard 
disk drives, parallel and/or serial ports. 
Today, all the necessary electronics are 
available on the motherboard, and the 
relevant connectors are available at 
that level, so to speak. A modern 
motherboard should at least have an 
FDD (floppy disk drive) port for a 
1.44 Mbyte drive; most of these ports 
are ready for working with two of these 
drives, and capable of reading any 
disk format you can _ think of 
(360/720 kB, 1.1/1.44/2.88 MB). Further, 
there should be an E-IDE port for a hard 
disk and/or CD-ROM player, a parallel 
port (supporting SPR EPP and ECP 
modes), two RS232 serial ports (fully 
16550 compatible). Welcome extras in 
this respect include a USB port, a PS/2 
mouse port and a connection for an 
IrDA module. 


Extension slot connectors 

The VLB bus is dead, long live PCI. It is 
important to make sure that the mother- 
board you have in mind has extension 
slots which are compatible with the 
extension cards you already (or still?) 
have: video card, sound card, etc. If 
you own a system with a VLB bus, 
upgrading may become a bit of a pro- 
blem because modern motherboards 
no longer have VLB connectors. In most 
cases, that means you have to invest in 
a PCI video card. ISA slots, fortunately, 
remain available on all motherboards 
we examined for this article, and they 
are indispensable for the good old 
sound card. 


An increasing number of motherboards 
are combination types, integrating, for 
example, video and sound. This 
approach has advantages as well as 
disadvantages: while the motherboard 
may have the latest technology at the 
time of introduction on the market, it is 
quickly obsolete again because it can 
not keep up with the extremely fast 
developments in the field of sound and 
video chip sets and drivers. 

You should, therefore, prefer a ‘bare’ 
motherboard which is open to exten- 
sion with your own insertion cards for 
video, sound, communication, etc. as 
required. 
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Chipsets, 
the story 


Although there exist other manufacturers of chip- 
sets for PC motherboards (AMD for its K6, Opti, 
SiS, ETEQ and others), Intel rules in this area. Its 
firmly established Triton chipset comes in four 
flavours called (82)430FX, 430VX, 430HX and 
430TX, 

The 430FX was the first chipset from Intel. It 
is no longer used for new design. 

The 430VX was the first to support SDRAM 
as well as DIMM, which allows individual 
memory banks to be filled rather than pairs as 
required for conventional SIMMs. 

The 4307X Is the latest Triton chipset. Integra- 
ted into just two large ICs, the 430TX regroups all 
chipset functions known from previous versions, 
including multitasking, USB bus control, and siot- 
ted timing for EDO RAM. The 430TX chipset Is 


Checklist 

Below are the main aspects to pay 

attention to 

G Right from the start, choose the pro- 
cessor representing the best trade- 
off between computing power and 
your budget. 

G Make sure there are enough 
memory banks (four), unless, of 
course, you opt for a motherboard 
with DIMM sockets only. 

@ Look at the position of the extension 
sockets; these should not be in the 
way of memory banks or other com- 
ponents on the board, including the 
CPU with a fan on top of it. 


optimized for MMX-savvy CPUs, and incorporates 
DPMA (dynamic power management archifec- 
fure), a system which reduces the overall power 
consumption of the system, using intelligent 
power reduction strategies. It also supports the 
new Ultra-DMA protocol. 

If you are after the very latest, go for a sys- 
tem with a 4307X chipset, even if that means 
that the relevant motherboard will set you back a 
little further. 

The 430HX chipset falls between the 430VX 
and the 430TX. Currently, the HX set is found on 
many motherboards in the US$150 price class. 
Not the slowest, and not the fastest or latest 
either, this chipset, but reliable and worth ifs salt. 
Unfortunately, The Triton HX chipset does not 
support DIMM modules with SDRAM. 

You may come across the chipset designations 
‘82439HX’ and '82437VX/FX’ in the documenta- 
tion supplied with some motherboards, These 
numbers refer to the system controller only, not to 
the chipset as such. 


@ Check the number of extension slot 
connectors (3PCI and 4ISA slots 
recommended). 

8 Verify the presence of cache 
memory (256 kB minimum). 

8 Go for a Triton 430HX or 430VX chip- 
set, or better. 

@ Verify that the motherboard has a 
BIOS of the Flash PnP (p/ug and play) 
type. 

Q Possibility to choose present-day bus 
speeds (66, 75 or 83 MHz). 

QO The motherboard should have alll 
connectors for essential peripherals, 
E-IDE for hard disk(s) and CD-ROM 
player, parallel and serial ports. 


DIMMS, SIMMS and other memories 


Like the CPU, the memory is one of the areas in which technology moves on at a 
staggering pace. Gone are the days of memory with parity; the buzzword nowa- 
days is EDO RAM (extended data out), which are currently faster than FPM (fast 
page memory) memory modules, while costing about the same. 

Another variant, SDRAM (synchronous dynamic RAM) is capable of sup- 
plying data as fast as the CPU can handle them. As we write this, the difference 
in performance between EDO and SDRAM is marginal. This may change, howe- 
ver, once bus speeds start to exceed 85 MHz or so. 

The usual memory sizes of DIMM modules are 8, 16, 32 and 64 Mbytes. 
SIMM modules offer the same capacities, plus a 4 Mbyte type. 

The acronym COAST (cache on a stick) refers to a extension module for 


the secondary cache memory. 
The main problem in this area is 
that of standards. As a sad 
result there exist different 
COAST modules for Intel and 
Cyrix processors! 


This photograph illustrates the evo- 
lution of memory modules. From 
the bottom to the top: a 30-pin 4- 
MByte SIMM, a 72-pin 8-Mbyte 
SIMM, and a 168-pin 16-Mbyte 
DIMM. 
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B Check for the availability of the new 
bus system called USB, you never 
know if this is going to take off! 


If, in spite of all this advice, you do not 
want to complicate your life with the 
PC, there’s always the 


Overdrive option 


There is an interesting alternative for 
owners of 486 or 66/75/100-MHz Pen- 
tium computers with limited technical 
knowledge and financial means: put 
an Overdrive in your PC! Various options 
are available. For 486 machines, you 
can choose between the following: 
- Evergreen 586/133 MHz 
- Power Leap, also based on a 133 MHz 
586 
- An 83-MHz Intel Overdrive (not com- 
patible with any other system) 
Owners of a PC with a first-generation 
Pentium CPU running at 66, 75 or 
100 MHz may consider buying an Intel 
Overdrive from a new series featuring 
MMX and running at 125, 150 and 
166 MHz respectively, While we prepa- 
red this article, Intel rolled out 180 and 
200 MHz Overdrive versions designed to 
replace 120 and 133MHz Pentiums 
(yes, they are old already). In theory, 
these Overdrives would have the same 
power as the 180 or 200 MHz Pentium 
MMxX types. 

The net speed gain achieved by an 
Overdrive is reportedly of the order of 
50%. Installing an Overdrive is a piece 
of cake. Having opened the computer 
case and extracted the original CPU 
from its socket, you simply plug in the 
Overdrive and connect the fan, It is not 
necessary to change the CPU clock or 
the bus clock, everything remains as 
before. The processor supply voltages 
are changed inside the Overdrive itself. 
If you have doubts as regards the com- 
patibility of your motherboard, go to 
the Intel site on the Internet at 
hitp.//intel.com/overadrive/index.htm for 
reassurance or tears. It is just possible 
that you have to update your BIOS. The 
cost of the operation will be between 
£200 and £250. 


Important precaution 


Although electronic components these 
days are well protected against static 
discharges, if is recommended to 
observe some simple precautions. 
Before you do any work on the mother- 
board or any other internal compo- 
nent, make sure the PC is connected to 
the mains earth, and use a metal wrist 
strap connected to the PC's internal 
frame. 
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Future developments 


As you will probably be aware of, the- 
re’s no reducing the speed of deve- 
lopments in the world of microelectro- 
nics and information technology (IT). 
Only a decade ago, a PC would last 
about four years without suffering from 
ageing effects. Five years ago, this life- 
time expectancy was halved to less 
than two years. These days, a PC 
bought six months ago is already obso- 
lete. What does the future have in store 
for us? Clearly, developments can't 
continue to ride this exponential curve, 
which makes it impossible to properly 
market products before the arrival of a 
whole new product generation, 

On this train of thought, let's mention 
some of the latest technology deve- 
lopments which may be expected to 
arrive within the next few months: 

At the bus level: the USB (universal 
serial bus) is already implemented on 
nearly all motherboards of recent pro- 
duction. 

Ultra DMA 33: this new protocol for 
IDE hard disk drives achieves much 
higher data transfer rates than traditio- 
nal DMA methods, and appears on an 
increasing number of motherboards. 

AGP (advanced graphic port): this 
new graphics port (announced about 
a year ago by Intel) is specifically 
aimed at 3D graphics cards. When 
AGP becomes the standard, video 
cards without it will be as obsolete as 
non-MMX motherboards in a couple of 


ABIT’s IT-5H: Look, no jumpers! 


PC motherboard ABIT manufacturer recently released the world’s first jumperless main- 
board that uses SOFT MENU™, a patented software technology that enables CPU para- 
meters to be set from within the BIOS CMOS setup utility. Actually, the board has only one 
jumper which serves to totally clear the CMOS memory. Having no difficult hardware set- 
tings for you to grapple with, this board should be the ideal candidate for a ‘drop-in and 
go’ PC upgrade operation as described in this article. The |T-SH is the board at the far left 


in the introductory photograph. 


The ATX-size ITSH has a Socket 7, and employs Intel’s 430HX chipset (rev. 03) and three 
voltage regulators for the CPU. It also implements ECC, a DRAM checking algorithm which 
detects and corrects memory errors on the fly without user intervention or disruption of 


processing. 


This board received a lot of praise in the computer press, and a good review may be found 
in Tom's Hardware Guide. There is also a version which uses the 430VX chipset, the IT-5V, 
this has basically the same specs as the 5H, only the on-board cache is 256 kByte (expan- 


dable with COAST). 


months’ time. 

The 100 MHz bus: here, too, deve- 
lopments are very fast. While you 
should count yourself lucky if your 
motherboard allows a bus speed of up 
to 85 MHz to be set, progress certainly 
does not stop there. 


Conclusion 


For the technically inclined among our 
readers (who isn't?), exchanging a 
motherboard and a processor is a very 
good alternative to purchasing a new 
no-name PC from a highstreet box- 
pusher. From experience, we can say 
that the exercise is not really difficult, 
although a lot depends on making infor- 
med choices before opening any case 
at all, and working s/owly! Having suc- 
cessfully completed an upgrade opera- 


tion, you have the advantage of actually 
knowing what's ticking inside the PC. At 
the same time, you reap the benefits of 
a unique opportunity to fine-tune the 
individual components in the system for 
the best possible performance. 


The information presented in this article 
is not aimed to be exhaustive, and only 
manufacturers who have offered their 
co-operation in producing this article 
are mentioned. Special thanks are due 
to the commercial departments of 
Asus, Abit and Soyo for providing us 
with samples of their motherboards. 
Finally, nobody seriously contempla- 
ting the purchase a new motherboard 
should forget to consult Tom's Hard- 
ware Guide on the Internet at hAftp://sys- 


doc.pair.com. 
All trademarks acknowledged 
(P/P7GS1 ~ 


Some recent motherboards 


Soyo SY-5VD5 

Featuring a Socket 7 this board accepts all Pentium processors of 
the P54CX/P55C type (75 to 233 MHz), the Cyrix 6x86 (PR100 to 
166+), the K5 series (PR100 to 166) and the K6 from AMD. 

It employs the 82430VX chipset, has four PC! sockets and four ISA 
‘sockets. The cache RAM has a size of 512 kBytes, and is of the 
SRAM burst-pipeline type. 

This Baby-AT size board has two 168-pin DIMM sockets and four 72- 
pin SIMM sockets. 

Its BIOS is one of the latest and most complete of the moment, sto- 
red in a 1-Mbyte Flash ROM. Note the contradiction between the 
term ROM (read-only memory) and the fact that this component 
may be reprogrammed electrically! 

Among the special features of this board are intelligent CPU supply 
voltage detection, and Ultra-DMA 33 or E-IDE. 


Soyo SY-5EA5 
This board is virtually identical to the SY-SVD5 discussed above. 


ASUS TX97-E : 

The Socket7 on this board allows you. to use Intel Pentium CPUs 
with any speed between 75 and 233 MHz, the AMD KS5 and K6 pro- 
cessors, or the 6x86 types from Cyrix/IBM. 

Using the 430TX chipset, this motherboard sports 512 kBytes of 
cache RAM. There are four 72-pin SIMM connectors and two 168- 
pin types for DIMMs. The BIOS is a PCI version from Award, suppor- 
ting Symbios SCSI and running from a 1-Mbyte Flash EPROM. The 
ASUS Mediabus connector implemented on this board is a combi- 


PC UPGRADING 


nation of the ISA and the PCI connector. 

Special feats of this board include support for the Ultra-OMA/33 IDE 
standard, monitor systems for the supply voltage, temperature and 
fan state, and virus protection through the BIOS. 


ABIT SM-5 

This board accepts all Pentium processors, plus the P200+ from 
IBM, and is MMX compliant. 

Excelient performance guaranteed by a new chipset from Intel, in 
combination with a flashable BIOS from Award. 

Apart from the traditional input/output ports and channels the SM-5 
also features USB and PS/2. The board has two DIIM sockets. 
Remarkable points: has an integrated tapestreamer accelerator; five 
years free BIOS updating service. 


GIGA-BYTE GA-586TX 

Contrary to what we are lead to assume from its type designation, 
this motherboard is suitable for processors from the Pentium class! 
It is also suitable for the IBM/Cyrix M2 and the AMD K6. The GA- 
586TX is one of the first motherboards to support the new 120- 
Mbyte diskette drive. 

Features automatic CPU type recognition and supply voltage defini- 
tion, plus a system called A-COPS (automatic CPU overheating pro- 
tection system). A-COPS issues a warning when there is a risk of 
CPU overheating, and switches on the cooling device (a temperatu- 
re sensor is fitted underneath the CPU), In case of overheating, the 
system warns the user and cools the CPU without affecting the exe- 
cution of the program. 

Special feature: BIOS-based virus protection. The iatest model is the 
GA-686FX. 
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Yes, those were dull times. But recently, the CPU mar- 
ket came alive. At long last, Intel was faced with 
small but serious competitors: AMD, Cyrix and IBM. 
And that's not the end of it, because a new com- 
petitor looks set to introduce Pentium-compatible 
CPUs which, reportedly, are ditt cheap. The new 
daredevil, IDT, has succeeded in making a hushed 
appearance in the CPU arena. In this article we 
examine the advantages and disadvantages of indi- 
vidual CPUs, as well as their best area of application. 


toy A. Meuser 
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CPUs - an overview 


Intel Pentium 

The Intel Pentium has been 
around for quite some time 
now, and it is still regarded as 
the mother of all CPUs in the 
Pentium class. it is, however, 
expected to disappear com- 
pletely within the next few 
months as a result of a market 
force called MMX, The original 
Pentium processor works hap- 
pily on all currently available 
motherboards, its excellent 
floating-point operation acting 
as a solid basis for many tech- 
nical applications. But mind 
you, not all Pentiums are the 
same! Intel fabricates all CPUs 
on @ single production line, 
and employs a series of performance 
tests to decide on the marking printed 
on the chip. In this way, CPUs are pro- 
duced which are approved for differ- 
ent clock rates and operating voltages 
(for example, 58S = 3.3V, VRE = 3.4 to 
3.6V). One of the shortcomings of the 
original Pentium CPU is its rather too 
small L1-cache, which has a size of 
only 16kBytes. 
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Intel Pentium MMX 


So far, it looks as if no one has actually 
understood why we should need this 
MMX CPU; after all, there is hardly any 
software available which supports the 
added instruction set. This is in spite of 
Intel's massive advertising campaigns 
aimed at convincing us of the immedi- 
ate need of this technology. Fortunately, 
the MMX does contain a few really use- 
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ful improvements over the original Pen- 
tium design: the size of the Ll-cache 
has been doubled to 32 kBytes, there is 
a new branch prediction unit, and a 
couple of other, 
minor, tweaks, The 
result is a 10-20% 
improvement in 
performance over 
the classic Pen- 
tium. After a few 
price cuts, the 
MMX CPU has 
become an inter- 
esting upgrade 
alternative for 
many of you. It 
does, however, 
require two supply 
voltages: 2.8 V for 
the core, and 
3.3V for the I/O 


interface, Old Pentium Out, New MMX 
IN, alas, that will not work on many older 
motherboards which provide single CPU 
supply voltages only. However, here, 
too, you can make use of ready-made 
adaptor sockets (like the ones for 3,.3-V 
486 CPUs, remember?). These sockets, 
costing about £25, contain voltage reg- 
ulators which provide the split supply 
voltages for the MMX CPU. 


Intel Pentium Pro 


If you can afford to do without MMX 
(and who can't?), Intel’s Pentium Pro 
currently delivers the best floating-point 
performance. However, it is only in this 
respect that the overpriced Pro is worth 
its salt, because it foo requires a new 
motherboard. The main applications of 
the Pentium Pro will be found in maths- 
intensive software used in research, 
design and network servers. The impres- 
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sive memory-performance achieved 
by the Pentium Pro is mainly due to the 
internal 256-kByte L2 cache. If you are 
lucky, you may even get your hands on 
versions with 512 kB and even | Mbyte 
of L2-cache. 


Intel Pentium II 


Developed out of the Pentium Pro and 
: spiced up with MMX, this is currently 
i Intel's flagship. Because of a too high 
i dropout (production fault) rate, the 
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[Table 1: CPU clock frequency and supply voltage selection chart. 
CPU Maio ao fe Core voltage (V) 1/0 voltage (V) 
AMD K5 PR75 75 50 15 3.52 * 
AMD K5 PR9O 90 60 1.5 3.52 * 
AMD K5 PR100 100 66 1.5 3.52 a * 
AMD K5 PR120 90 60 1.5 3.52 * 
AMD K5 PR133 100 66 1.5 3.52 * 
AMD K5 PR166 116,66 66 1.75 (1.5) 3,52 * 
AMD K6-166 166 66 2.5 2.9 3.3 
AMD K6-200 200 66 3 2.9 | 3.3 
AMD K6-233 233 66 3.5(1.5) 3.2 3.3 
AMD K6-266 266 66 [_ 4(2) 3.2 33 
Cyrix 6x86-P120+ 100 ~=§~©~—S——sé«SD 2 3.3(C016)/3.52(C028) * 
Cyrix 6x86-P133+ 110 55 : 3.3(C016)/3.52(C028) * 
Cyrix 6x86-P150+ 120 60 2 3.3(C016)/3.52(C028) * 
Cyrix 6x86-P166 + 133 66 2 3.3(C016)/3.52(C028) | * 
Cyrix 6x86-P200+ 150 75 2 3,3(C016)/3.52(C028) * 
Cyrix 6x86MX-PR166 150 | ~~ 60 2.5 2.8 ae 
Cyrix 6x86MX-PR166 166 66 25 2.8 3.3 
Cyrix 6x86MX-PR166 188 | 75 25 2.8 3.3 
IDT C6 200 66 3 ? 2 
intel Pentium 75 75 50 1.5 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 90 90 60 1.5 3.3(SSS)/3,4-3.6(VRE) * 
Intel Pentium 100 100 66 1.5 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 120 120 60 2 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 133 133 66 2 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 150 150 60 2.5 3.3(SSS)/3.4-3.6(VRE) x 
Intel Pentium 166 166 66 2.5 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 200 200 66 3 3.3(SSS)/3.4-3.6(VRE) * 
Intel Pentium 166MMX 166 66 [ 2.5 2.8 3.3 
Intel Pentium 200MMX 200 66 3 2.8 3.3 
Intel Pentium 233MMX 233 66 3.5 (1.5) 2.8 3.3 
Intel Pentium Pro 166 166 66 , 2.5 a8 8 
Intel Pentium Pro 180 180 60 3 3.3 3 
Intel Pentium Pro 200 200 66 3 a3 * 
| Intel Pentium i 233 233 6 | 3.5 2.8 
Intel Pentium Il 266 266 66 4 2.8 
Intel Pentium I! 300 300. 66 4.5 2.8 
*|/O0 voltage = Core voltage 


internal L2 cache of 512kByte was 
taken out of the chip and moved fo the 
processor board. This change resulted 
in a small reduction in memory perfor- 
mance. This processor board (or rather 
module) calls for the SEC (single-edge 
connector) socket designed by Intel. 
Remarkably, Pentium Pro adaptors are 
available for the SEC. As you may have 
guessed, the Pentium Il requires a new, 
SEC sawy, motherboard. The processor 
comes in 233, 266 and 300 Mkz ver- 
sions. Ticking at such high speeds, the 


Elekfor Electronics EXTRA 


‘Il’ is currently the fastest processor in 
the Pentium class. 


AMD K5 


After AMD changed its entire production 
line to the K6 CPU, K5 processors can 
be picked up cheaply from many com- 
puter hardware suppliers. This processor 
is of special interest to owners of an 
‘older’ motherboard, mainly because ifs 
PR133 version can be employed on 
motherboards with a maximum CPU 
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clock of 66 MHz and a fixed multiplier of 
1.5. Although the PR133 actually runs at 
100 MHz, it matches the overall perfor- 
mance (except floating-point) of an 
Intel Pentium operating at 133MHz 
(hence, PR133 for ‘p-rating’). This leap 
forward in performance goes mainly on 
account of the improved structure of 
the L1-cache. The K5 is available in ver- 
sions right up to PR166, and only 
requires an ‘external clock’ jumper set- 
ting on the motherboard, the multiplier 
being fixed inside the CPU. None the 
less, AMD recommends the same 
jumper settings as for an Intel CPU. 


AMD K6 


High hopes were vested in this wonder 
weapon from Intel's first serious com- 
petitor. Based on a processor devel- 
oped by NexGen, the Ké6 has lived up 
to its expectations. Like the KS, it has a 
few weaknesses in the floating-point 
area, but these are far less annoying. 
AMD has done quite a bit in this area. 
Being equipped with the MMxX instruc- 
tion set, the Ké is often compared with 
the Pentium MMX. In some applica- 
tions, however, it reaches the perfor- 
mance of a Pentium Pro or a Pentium Il. 
As opposed to these beasts, the Ké6 
does fit in a Socket 7 on a standard (but 
up to date) Pentium motherboard, As 
such, it presents an extremely cost- 
effective alternative when it comes to 
upgrading existing systems. With this 
processor, too, there are a few pecu- 
liarities in respect of the supply voltage. 
Like the Pentium MMX, the 166-MHz 
and 200-Mkz versions of the Ké require 
two voltages: 2.9V for the core, and 
3.3 for the I/O circuitry. The 233-MHz 
and 266-MHz versions, however, call for 
an (unusual) core supply voltage of 
3.2V which is a rare value, and pro- 
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vided by the latest 
motherboards 
only. The Ké also 
requires intensive, 
active, cooling to 
work reliably. 


Cyrix/IBM 
6x86 


Because Cyrix 
obviously dreads 
the prospect of 
massive numbers 
of unsolds of this 
CPU as a result of 
the current MMX 
hype, the remain- 
ing stocks of the 
6x86 are sold at 
bargain prices. 
This CPU was aimed at the low end of 
the market right from the start. Its float- 
ing-point performance is even poorer 
than that of the AMD KS, although it still 
represents a good price/performance 
ratio. The latest version, a PR200+, can 
only be used on motherboards with an 
external 75-MHz clock speed, which 
were few and far between at the 
beginning of this year. As an upgrade 
CPU for older motherboards, the 6x86 is 
therefore only a practical candidate 
for performance levels up to PR166+. 


Cyrix/IBM 6x86MX 


As you may surmise from the MX suffix, 
this youngest child from IBM and Cyrix 
is MMX compliant. The CPU offers 
remarkable power. Under Windows 95, 
and running at 166 Mkz, it achieves the 
performance of an AMD Ké clocked at 
233 MHz! Not surprisingly, IBM/Cyrix stick 
fo the P-rating con- 
vention for the 
type numbers, The 
CPU running at 
188 MHz is there- 
fore identified as a 
6x86MX PR233 to 
make sure every- 
body understands 
the claim of like 
performance as 
an Intel Pentium II 
running at 
233 MHz. The fact 
that the 6x86MxX, 
a.k.a. M2, fits in 
the Socket 7, 
makes if the 
upgrade proces- 
sor par excel- 
lence, if the moth- 
erboard you have 
is capable of pro- 
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viding the right supply voltages (2.8 
and 3.3 V), and if its BIOS supports the 
6x86MX. 


IDT-C6 


A new contestant recently entered the 
fiercely competitive marked for CPUs 
used in PCs. Without so much as a flour- 
ish, IDT (Integrated Device Technology) 
rolled out its very own development, a 
Pentium-compatible processor with 
MMxX instruction set, low power con- 
sumption (only 2/3 of an Intel processor) 
and a 40 to 50% smaller die size 
(approx. 88 mm2). Reportedly, the per- 
formance of the Cé is at the MMX level, 
but we were unable to verify this at the 
time of writing this article. It is also too 
early to be able to assess compatibility 
of the Cé with existing motherboards, 
Because the CPU is aimed at the huge 
markets for notebooks and low-cost 
PCs, this processor could well turn out 
to become a hit. 


Epilogue 


Choosing the right processor is harder 
than ever before. Intel’s competitors are 
now aggressively offering fast proces- 
sors which can be used on existing 
motherboards. In spite of this interesting 
and healthy development, Intel is still in 
front when it comes to raw processing 
power. Whatever choice you make, you 
should keep in mind that today’s pur- 
chase may be obsolete tomorrow. 
Keeping some ‘reserve’ for the near 
future is far too expensive, while it is suf- 
ficient in most cases to simply get the 
most of an existing system. But that is the 
subject of another article... 
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There it is again, the perennial problem: my PC is too 
slow! | really should have a faster processor, but funds 
are dangerously low, The solution is called 
Overclocking. And a hot theme it is, because the 
temperature of your expensive CPU rises with the 
clock frequency! To be able to tell what's going on 
regarding CPU temperature, this article also presents 
an construction tip for a dedicated thermometer. 


ky A. Me.iser 
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CPU overclocking 


compute faster - until death by fire? 


Overclocking the CPU and/or the 
chipset is the simplest and cheapest 
method of getting more speed from 
your PC. You should, however, always 
remember that the CPU is then oper- 
ated outside its normal specifications. 
Overclocking exploits the fact that CPUs 
may show up a small margin when they 
pass the final checks performed in the 
factory. A 100-MHz Pentium processor, 
for example, may work happily at 
110Mhz. If this were not so, the CPU 
would not live long. Sadly, this circum- 
stance was exploited in the past by 
CPU forgers who sold 90-MHz CPUs as 
100-MHz types after removing the orig- 
inal print from the device and replac- 
ing it with a new one. The fraud was 
hardly noticed because there are 
hardly CPUs around with an internal 
protection against overclocking. 

Basically, there are two ways to 
speed up a PC by overclocking. To 
begin with, you may have a go at 
making the CPU run at a higher clock 
rate. Next, the second step is do the 
same with the chipset. In many cases, 
a combination of these two measures 
is not only possible but also very worth- 
while. 


Overclocking 
— goes like this 


Most of today’s Pentium motherboards 
have two jumper blocks to set the CPU 
clock speed. One of these is for the 
external clock frequency which is also 
used for the chipset. The available fre- 
quencies are usually 50, 55, 60, 66, 75 
and 83 MHz. Although the latter two are 
not documented, and found on the lat- 
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est motherboards only, they do provide 
the simplest way to put overclocking in 
practice. The second jumper block sets 
the internal multiplier for the CPU; you 
can usually choose between 1.5, 2, 2.5 
and 3. It is the combination of the two 
jumper-based settings which results in 
the lowest and highest possible clock 
rates of 75 MHz (501.5) and 250 MHz 
(83.33) respectively. So, if you want to 
make a 200-MHz Pentium run at 


225MHz, you choose 75MHz as the 
external clock frequeny, and 3 as the 
multiplier. This effectively increases the 
clock speed of the CPU and the 
chipset, as well that of the PCI bus 
because that runs at half the system 
speed (at least in systems based on an 
Intel chipset). In this way, not only the 
CPU but other important elements like 
the graphics card and the memory 
also benefit from the speed-up. Alter- 
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natively, speed up the CPU 
a little, and the rest of the 
system a fot, by selecting 
the following combination: 
83 MHz system clock and a 
multiplier of 2.5. The CPU is 
then clocked at a ‘moder- 
ate’ 208 MHz, while the sys- 
fem components’ are 
whipped to run faster. Of 
course, a video card run- 
ning at a bus speed of 
37.5MHz is operated out- 
side the normal PCI clock 
specification of 33 MHz. In 
many cases, problems arise 
with SCSI controllers as well 
as with PCs having a lot of 
PCI cards. Table 1 lists all 
possible combinations of 
external clock and multi- 
plier, along with the respec- 
tive PCI and CPU frequen- 
cies. 


Which CPUs? 


In principle, all CPUs may 
be overclocked, some to a 
considerable extent, others, 
less, All CPUs will happily 
accept an increase of 10%. 
The best CPUs in this respect 
are those from __ intel, 
because they are subject to 
relatively large production 
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tolerances. The author has heard of PC 
users who make a Pentium-75 run at 
133 MHz (a speed-up of 77%!). Up to 
25% seems to be normally possible with 
AMD's K5 and Ké, as well as the 6x86 
from Cyrix. 

A special class is formed by the MMX 
processors from Intel. Because these 
are not produced in 100 and 133 MHz 
versions (like the classic Pentium), they 
interpret a multiplier of 1.5 as 3.5, and 
2.0 as 4.0, resulting in a theoretical 
maximum clock of 333 MHz (83.3 MHz 
x 4). 

With some CPUs you have fo raise 
the supply voltage to enable them to 
run at a clock speed which is higher 
than the specified one. An AMD K6- 
200 MHz, for instance, has to run off a 
3.1 or 3.2-volt core supply, instead of 
2.9V, to make it work at 233 MHz. 


Which motherboards? 


Motherboards supporting a system 
clock up to and including 83 MHz are 
the best candidates when you want to 
experiment with overclocking. A ‘clas- 
sic’ motherboard is the Asus type 
P55T2P4, whose latest revision supports 
a system speed of 83 MHz as 


Table 1 Clock/Muitiplier combinations 


well as a 3.2-V core supply 
for the K6. The jumper set- 


tings for 75 and 83 MHz are 


ee ee 
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External clock Resulting CPU | PCI bus clock : 
(MHz) Multiplier clock (MHz) (MHz) | as follows: 
- aa “— - 75 MHz: JP8 1-2; JP9 
som 8 25 | 2-3: JP10 1-2. 
50 2 100 25 83 MHz: JP8 1-2; JP9 
50 2.5 125 25 Tete PTB 2s 
50 - 3 150 25 The clock frequency is 
55 1.5 83 28 extremely easy to select on 
a 7 motherboards from ABIT, 
2 2 ne ae which give full control to the 
55 2.5 138 28 BIOS in this respect. Mother- 
55 3 165 28 boards having a TX chipset 
= in addition allow the CPU 
= 60 V5 90 30 ; temperature to be moni- 
| 60 2 120 30 tored via the BIOS. 
60 2.5 150 30 . ' 
60 3 180 30 Caution, Hot! 
67 1.5 100 33 Elegant and inexpensive it 
67 2 133 33 may be, overclocking may 
- - <= also cause problems. The 
67 2.5 167 3 33 power dissipation and the 
67 3 200 | 33 chip temperature both rise 
75 15 113 is 38 with the clock frequency, 
7 a : reducing the life 
75 | 150 88 expectancy of all over- 
75 25 188 38 clocked devices. In extreme 
‘ ; a ; cases, the use of a far too 
# 8 eae 38 high clock frequency may 
| 83 1.5 125 42 cause the instant demise of 
83 2 | 167 42 your expensive CPU and/or 
. =e the chipset. Usually, the 
os : 2a - an8 | 42 ‘ chipset is designed to run at 
83 3 250 42 
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a maximum speed of 66MHz, which, 
obviously, makes applying 83 MHz a bit 
of a risk, 

In many cases, a system which is 
tuned up in this way becomes unsta- 
ble, suffering from unpredictable 
crashes, the cause of which can only 
be established by subjecting the PC to 
long and extensive tests (such as the 
ones described in the book PC Service 
and Repair by Dr. W. Matthes). An 
unexpected reset and reboot action in 
the midst of normal activities usually 
points to problems with the RAM, which 
may be too slow for the higher system 
clock. In systems which are clocked at 
up to 83 MHz you will need very good 
60-ns RAMs, or, preferably, 50-ns EDO 
RAMs. SD-RAMs are an even better 
solution because they can keep up 


TUNING TIPS 


In principle, you don’t need DOS any more 
when running Windows 95. None the less, 
there are cases in which a complete set of 
DOS commands would be very useful. To 
have these, you don't have to install an old 
DOS, because a complete DOS version 
(7.0) may be found on the Windows 95 
CD-ROM, Copy all files In the directory 
Other\Oldmsdos on the CD-ROM fo the 
directory Windows\Command on the hard 
disk. The latter subdirectory then contains 
a complete DOS. 


Dust is one of the biggest enemies of your 
computer. It’s a good idea to open the 
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with system speeds up to 100 MHz. 


Cooling 


The above mentioned problems regard- 
ing the additional heat developed by 
the CPU as a result of overclocking can 
be avoided to a large extent by provid- 
ing sufficient cooling for all components 
involved. A CPU cooler should have the 
largest possible cooling surface (the fins 
should be 7 to 10mm long), and be 
equipped with a powerful fan with ball 
bearings. Also don't forget fo use a little 
heat conducting paste. A CPU cooler 
with its own temperature checking sys- 
tem is of course ideal, and a suitable 
design is given in the inset. Because 
other components also run hotter as a 
result of the higher system clock, it is rec- 


computer case on a regular basis (say 
every three months) and clean out the 
interior with a (small) vacuum cleaner. 
Switch the computer off, and pull the 
mains cord. Be sure not fo touch compo- 
nents, because they can be damaged. 
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Use Sysedit (mentioned above) to remove 
as many unneccessary commands as 
possible from Config.sys and 
Autoexec.bat. Doing so will make the com- 
puter start up much faster. Windows 95 
normally uses the following settings and 
programs, so you don't have to load or 
call these when the computer starts up: 
Himem.sys 


ommended to fit an extra extractor fan 
in the PC case, 


Practical tips 


If, in spite of the risks we've mentioned, 
you want to try out the effects of over- 
clocking in a PC, observe these points: 
- Increase the clock speed in the smalll- 
est possible steps to gauge the highest 
values that can be used in your system. 
- After a change to the clock speed, if 
the system is restarted but you get no 
BIOS report, increase the core supply 
voltage and do a restart. If no BIOS 
report appears, you can forget about 
the system frequency you were after; it 
is too high. 

- If the computer manages to launch 
your operating system, run a couple of 
applications. A number of programs 
such as Winstone are great for long- 
term stability tests. If no crashes occur 
(test at least for a couple of hours), then 
you may have been successful at over- 
clocking the system. 

- Keep it coo}! If possible, a tempera- 
ture increase caused by overclocking 
should be compensated by additional 
cooling. A useful indication may be 
had from the CPU thermometer which is 
described separately in this article. 


The future 


As this article is being produced, the 
first motherboards using the new VIA 
chipset are expected to hit the market. 
VIA supports a system clock of up to 
100 MHz, and for the first time enables 
the memory performance to be con- 
siderably Improved, provided SD-RAMs 
are used! With all PC tuning activities 
you should always remember one rule: 
an overclocked system, too, will rapidly 
turn out to be too slow, as the next 
processor is always sure to arrive! 
2 f POUES- 1 


lfshelp.sys 

Setver.exe 

Dbispace.bin or Drvspace.bin 
DOS=high,umb 

Files=60 

Buffers=30 

Stacks=9,256 

Lastdrive=z 
Shell=command.com /p 


Febs=4 
=) 


With the DRAM settings, choose values 
which match the specs of the RAM mod- 
ules you are using. Most EDO RAMs used 
today are 60-ns types (this specification is 
found on a label stuck on the module). A 


PC UPGRADING 


PC UPGRADING Mm Ho __ Elekfor Electronics EXTRA 15 - 10/97 


A CPU Thermometer 


Too much heat will kill your expensive CPU. This warning should 
be given to anyone causing the operating temperature of a 
CPU to come dangerously close to the absolute maximum, 
especially as a result of overclocking. To reduce the risk of 
‘death by overheating’, take the following precautions: 

1. give the CPU the best active cooler you can get; 

2. monitor the chip temperature to be able to detect immi- 


nent dangers. 


A comfortable solution is presented for 
the second precaution: a small Win- 
dows measurement program monitors 
the CPU's case temperature with the 
aid of a temperature sensor which is 
connected to the paralle! port. The CPU 
temperature is not only indicated as an 
exact value, but also relative to three 
bands: green (‘cold’; lower than 30°C); 
yellow (warm; between 30°C and 
50°C); and red (‘hot'; higher than 
50°C), 

The temperature measurement is 
refreshed every second. To make sure 
you notice that the CPU becomes too 
hot, the thermometer window is auto- 
matically maximized when the mea- 
sured temperature exceeds 50°C. How- 
ever, before that can happen, you 
have to build the thermometer circuit 
and connect it to your computer. 


A simple measurement 


I's not accidental that an analogue-to- 
digital converter based on the MAX187 
is described elsewhere in this issue! This 
circuit enables analogue values to be 
measured by way of the parallel printer 
port which is available on any PC. The 
printed circuit board (order code 
970060-1) allows either the LM35 or the 
LM335 to be fitted. Both ICs are from 


modern BIOS has.a:special setting for EDO 
RAMs which makes. the reading phase 
faster than with normal RAMs. If every- 
thing works reliably, you can try out the 
effect of faster timing settings for the. 
memory. In general, the lower the value. 
you select, the faster the timing. 


B 


With Inkjet printers, ink in the miniature 
nozzles has a tendency to dry out if the 
printer is not used for some time. Make a 
habit of switching on the printer at least 
once a week, this will help to keep the 
nozzles open. Also make sure the printer 
head is always in the ‘off’ position before 
the printer is switched off. 


+ 
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LM335 


National Semiconductor; the LM335 is 
second-sourced by SGS-Thomson. Both 
sensors supply an output voltage of 
10mvV/°C. They only differ in respect of 
the zero-temperature reference, which 
is O°C (273 K) for the LM35, and —273°C 
(OK) for the LM335. Also, the LM35 
requires a little less current for itself. 
Consequently, it has a self-heating 
specification of only 0.1°C as opposed 
to 0.3°C for the LM335. As indicated by 
the circuit diagram, the three pins of 
the LM35 are directly connected to the 
PC5, PC6 and PC7 terminals of the ADC 
board. If you use the LM335, a 2.7-ka2 
resistor has to be connected between 
terminals PC8 and PC9, while the 
LM335 itself is connected to PC9 and 
PC10. Note the pinouts of the two sen- 


sors! At 25°C, the LM35 supplies a volt- 
age of 250 mV (1Omv/°C x 25°C) at its 
output (pin 2). At the same temperature, 
the LM335 supplies 2.98 V, which may 
be calculated from l10mv/°C x 
(273K+25K). 

The software has no problems con- 
verting these different scales. 


Construction and software 


lf the LM335 is used, you have to con- 
nect the 2.7-kQ resistor as shown in the 
diagram. The LM335 or the LM365 is 
connected to the ADC board by 
means of a thin, flexible 3-wire cable, 
The IC terminals are best isolated using 
heat-shrink tubing. 

What remains to be done is put the 
sensor in thermal contact with the CPU 
cooler. The simplest solution is to clamp 
it between the heat-sink fins, and 
secure it, if necessary, with a drop of 
instant glue. The main points to observe 
are mechanical stability and electrical 
isolation. 

The Windows program for the CPU 
thermometer may be found on a 
diskette which is available through our 
Readers Services under order number 
976011-1. The subdirectory ‘Tempmon’ 
on the disk contains a program called 
TEMPMON.EXE which indicates the 
heat-sink temperature using the three 
traffic light colours, as described 
above. Another subdirectory on the 
disk, ‘MAX187' contains a program 
called MAX187.EXE which enables the 
PC to display the measured tempera- 
ture in °C and Kelvin. All programs have 
been written in Delphi V1.0. Interested 
readers may also find the source code 
files on the disk. 

After installing and launching TEMP- 
MON, all you have fo do is select the 
right printer port and the sensor type 
used. Hopefully, you don't get a red 
alert straight away... 


CPU temperature monitor 


File Settings Help 


Tuning Tips 


If you want more speed from your com- 
puter, these are the components worth 
investing in: 

- more memory 

- a faster hard disk 

- a faster video card 


If you have a modern motherboard with two 
IDE channels, connect the hard disk to the 
first channel, and the CD-ROM fo the sec- 
ond channel, This arrangement allows the 
hard disk to achieve its highest data 
throughput (particularly in combination with 
older CD-ROM drives). The CD-ROM drive 
should be set fo ‘master’ mode (usually 
with the aid of a jumper) if you use if on ifs 
own IDE channel. 


There’s no need to panic if you no longer 
remember the password which some of you 
use at the BIOS level. Most motherboards 
have a jumper which allows all BIOS set- 
tings (including the password) to be 
cleared, If no jumper is available for this 
purpose, the alternative is to remove the 
battery for a while (for at least a couple of 
minutes to make sure all reservoir capaci- 
tors are discharged). Alternatively, tem- 
porarily disconnect one terminal of the bat- 
tery. If that is also difficult, the last resort is 
to shunt the battery for a few seconds using 


a 10-Q resistor. 


Many modern videocards make use of an 
interrupt line (usually IRQ11), Since there 
are soundcards that want to use the same 
interrupt line, this should be taken into 
account when installing the soundcard by 
first checking if there are IRQ lines available 
which are supported by it. The System con- 
trol panel provides a neat overview of the 
IRQ and DMA resources allocated to the 
hardware fitted in your computer, while also 
drawing your attention to possible conflicts. 


If the motherboard offers a PS/2 connection 
for a mouse, it is worthwhile to actually use 
it (if your mouse is compatible, that is). 
Because a separate IRQ line, number 12, is 
reserved for this purpose, the two serial 
ports remain available for other devices (for 
example, 0 graphics tablet and a modem). If 
your mouse has a standard serial connec- 
tion, an inexpensive PS/2 adaptor can be 
bought from ¢ computer shop. Do check 
with the mouse supplier, however, that the 
mouse can be used with a PS/2 connection. 


Low-cost types in particular seem to be suif- 
able either for RS232 only, or for PS/2 only. 


A new motherboard usually comes with 
default settings for the BIOS or SETUP ufil- 
ity. These are relatively slow settings which 
guarantee that the system starts reliably. As 
these settings do not enable the computer 
to run at the highest possible speed, each 
BIOS entry should be checked, with refer- 
ence to the documentation supplied with 
the motherboard. 


In particular, the settings ‘CPU internal 
cache’ and ‘external cache’ should read 
‘enabled’. If not, the system is slowed down 
by 10 to 30%, Fortunately, these settings 
are ‘enabled’ in most modern BIOSs, 


A modern BIOS usually offers an ‘autode- 
tect’ function for the hard disk. Use it, and 
see which optimum setting the computer 
suggests for your hard disk. If possible, 
choose ‘LBA’ (logical block addressing) 
because that will result in the highest data 
transfer rate. 


Switch off all memory tests and test 
sounds, especially if you have a lot of RAM 
on the motherboard. This will speed up the 
memory scan at power-on, and kills those 
ticking sounds from the internal \oud- 
speaker, Having done a full memory test 
once or twice you will be confident that all 
RAM banks are okay. Moreover, modern 
memory modules are very reliable; an elec- 
trical breakdown will be very rare. 
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A lot of useless noise can be prevented by 
telling the computer not to look for floppy 
disk drives on startup (set ‘boot up floppy 
seek’ to ‘disabled’), By selecting the ‘C,A 
boot sequence in the BIOS you reduce the 
startup time by a couple of seconds. 


Today's motherboards have on-board serial 
and parallel ports as well as an IDE con- 
troller. The BIOS allows these to be 
switched on and off as required, or to be 
redirected fo another address or IRQ line. 
Especially with IRQ conflicts it is recom- 
mended to check the BIOS for the configu- 
ration options available for serial ports 1 
and 2, and the parallel port. By the way, if 
you use the parallel port in ECP mode, it 
will also employ an IRQ line. 


\f you add memory on your motherboard, a 


‘CMOS settings invalid’ or similar error mes- \ 
sage will be produced when the system is 
first switched on. Nothing to worry about; if 
is sufficient to go to the Standard CMOS 
Setup in the BIOS, where the new amount 
of memory will appear. After a simple Save 
and Exit Setup the computer will start with- 
out protests, and indicating the correct 
amount of memory. 


Don't let Windows 95 determine the size of 
the swap file (virtua! memory), because it is 
then changed all the time. If your computer 
has a modern hard disk with sufficient free 
space, we recommend setting a fixed, iden- 
tical minimum and maximum size of the 
swap file, say, 50 to 100 MB. In this way, 
you help Windows 95 to avoid wasting 
time on a useless activity. 


The same goes for the automatic hard disk 
cache management in Windows 95. In 
many cases, a lot of data is read for no 
purpose whatsoever, while the RAM mem- 
ory is badly needed for other tasks. You can 
control the size manually by using Sysedit 
(in the Windows\System subdirectory) to 
add these two lines to the system. ini file, 
below the heading [vcache]: 


MinFileCache=512 
MaxFileCache=1024 


These lines define a minimum and a maxi- 
mum cache size of 512 and 1,024 kBbytes 
respectively. As a matter of course, you can 
use any other values which you think are 


appropriate. 


If you have 16 Mbytes of RAM or more, go 
to Control Panel - System Properties - Per- 
formance - Hard disk, and change the set- 
ting ‘Desktop Computer’ into ‘Network 
Server’, This change results in a marginal 
speed increase, and some tasks are better 
handled, mainly because the system 
reserves more buffer space. 


=) 


Windows 95 runs much faster when 
instalied on a ‘clean’ computer, i.e., not 
over an old Windows 3.1 version. However, 
most of you will have purchased Windows 
95 as an ‘upgrade’, During the installation, 
the computer will keep asking you about 
the location of the old Windows 3.1/3.11 
version on the hard disk. This problem may 
be avoided by inserting installation disk 1 
of Windows 3.1/3.11 in the floppy disk 
drive, and telling Windows 95 to look there. 
In this way, fhe upgrade version will install 
without problems. 
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Inspecting and 
analysing low-fre- 
quency signals super- 
imposed on a fairly 
high-level direct volt- 
age with an oscillo- 
scope, set to its a.c. 
position, is not as 
straightforward as you 
might wish as anybody 
who has ever tried it 
will testify. One satis- 
factory way of perform- 
ing such tests is by 
removing the direct 
voltage from the input 
signal to the oscillo- 
: scope. The adaptor 
described in this article 

_. was designed to do 
just that. 


Design by H. Bonekamp 


ae 


INTRODUCTION 

In practical measurements, low-fre- 
quency signals superimposed on a 
direct voltage frequently pose an awk- 
ward problem. This is the case, for 
instance, with certain sensors and in 
drift measurements. It is also true 
when the ripple on the (wanted!) 
direct-voltage output of a power sup- 
ply needs to be inspected or analysed. 

The adaptor nullifies the direct volt- 
age, whether wanted or not, by exter- 
nally subtracting from it an equal 
direct-voltage but of opposite sign 
before the signal is presented to the 
oscilloscope. It consists of three parts: 
(1) a stable reference voltage source; (2) 
an attenuator that can be varied with 
great precision; and (3) a suitable sum- 
ming circuit that adds the externally 
provided direct voltage at correct 
polarity to the input signal. 

There are, of course, a number of 
ways in which such circuits may be 
designed. The most obvious of these is 
to use a discrete reference-voltage 
source whose output is applied to, for 


we DC nullifier 
for oscilloscope input 


accurate input adaptor 


instance, three decade attenuators. 
This setup provides a reasonably accu- 
rate, variable direct voltage. However, 
because it is so obvious, it would 
hardly be an original design. In the 
present circuit, therefore, a different 
approach has been used. 


PROGRAMMABLE 
DIGITAL-TO-ANALOGUE 
CONVERTER (DAC) 

The external, nullifying direct voltage 
is provided by a 12-bit digital-to-ana- 
logue converter (DAC). This has a 
range from —10 V to +10 V, so that the 
smallest discrete step is 20x2-!2 
=4.88 mV. The converter is controlled 
by a Complex Programmable Logic 
Device (CPLD), which keeps the circuit 
fairly simple. 

In Figure 1, the measurand( that is, 
the input signal to the oscilloscope) is 
applied to K3 and then buffered by 
ICy,. The buffered signal is applied to 
differential amplifier ICy, where the 
direct-voltage component is nullified. 
The nullifying direct voltage needed 
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for this is provided by output Voy; of 
DA converter IC) This stage is driven 
by the logic device, IC), which in turn 
is controlled by the instructions from 
the control panel connected to K3. 
Switches 5;-S, enable very accurate 
setting of the nullifying direct voltage 
in small or large steps. Setting may 
also be automatic by switch S5 — this 
will be reverted to later. 

Comparator IC; determines 
whether the direct voltage on which 
the signal is superimposed is positive 
or negative and on the basis of this 
applies a ‘direction bit’ to the 12-bit 
up/down counter in IC;. The low-fre- 
quency signal from which the direct 
voltage has been removed is available 
at Ky. The nullifying direct voltage is 
also available externally via Ks to 
enable it being measured and used 
for computation. 

The supply lines are obtained with 
the aid of three integrated voltage 
regulators. The symmetrical +15 V 
lines are provided by Try, rectifier 
D3-D, and IC, and IC;. The +5 V 
line for IC, is derived from the +15 V 
line via regulator IC;. Inductors Ly 
and Lz improve the noise suppres- 
sion to ensure that the signal to the 
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oscilloscope is as clean as possible. 


COMPLEX 
PROGRAMMABLE 

LOGIC DEVICE 

As mentioned earlier, the digital-to- 
analogue converter, IC3, is controlled 
by complex programmable logic 
device (CPLD), IC,, detailed charac- 
teristics of which are given in the 
Datasheet elsewhere in this issue. Fig- 
ure 2 shows the block schematic of the 
internal circuit of the device. In 
essence, the device consists of three 


sections: an oscillator, a control circuit 
with debounce and repeat facilities, 
and a 12-bit up/down counter. 


KEY 


CONTROL TEI 


DEBOUNCE 
+ REPEAT 


U/D COUNTER 


AUTO: DIR=1: +1 
DIR=0: -1 
(4096 cycles) 
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The oscillator, two possible versions 
of which are shown at the bottom of 
Figare 2, runs at a frequency of about 
68 kHz. At the left in the figure is the 
traditional arrangement based on the 
well-known principle of two cascaded 
inverters. It has a drawback in that the 
transit time through the inverters 
delays the positive feedback via the 
capacitor. This results in a number of 
pulses near the switch-over point. 


46 


A better arrangement is shown at 
the right. In this complex program- 
mable logic device, the inverter has 
the same delay time as a buffer. The 
use of a buffer and a single inverter 
obviates the transit time problem in 
the earlier configuration. An added 
bonus is that the two gates switch 
simultaneously. 

As an aid to debouncing the control 
keys linked to the key control, a 14-bit 


synchronous counter has been 
included in the CPLD. When any one 
key is pressed, this counter is started 
from zero. When a value of 1000 is 
reached (after 1000 Yesx10-3= 
15 ms), the key operation is accepted 
as valid. This arrangement effectively 
kills any bounce effects. When the key 
remains pressed, the value 1000 will be 
reached again after 2!4 clock pulses, 
that is, after 2!4x Vax 10-3=240 ms. 
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When the key is released, the counter 
is reset to zero. The counter is 
designed in Philips Hardware Descrip- 
tion Language (PHDL). 

The up/down counter is controlled 
with key switches 5,-S4. There is a 


choice between adding and subtract- 
ing and between step sizes | and 32. 

The nullifying voltage may be 
determined automatically with key 
‘auto’ (S;). When this function is 
selected, the up/down counter will 


add or subtract depending on the out- 
put state of comparator IC3. This will 
happen for 4096 cycles to ensure that 
the DA converter applies the correct 
voltage to IC>. 


Program for the 


CPLD 


Complex programmable logic device Type PZ5032 uses XPLA 
(Special Programmable Logic Array) architecture in which vari- 
ous logic arrays are interconnected via a Zero-power Intercon- 
nect Array (ZIA). An associated XPLA program enables the 
desired functions to be set in a CPLD. The program is available 
on CD-ROM, see Internet page 
hittp://www.semiconductors.philips.com The program for the pre- 
sent applications consists largely of two blocks which are shown 
below. Note that the defined processes all work in parallel in con- 
trast to a program for a microprocessor. 

The first part of the key control is: 


"KEY CONTROL" 
ct=[ct13..ctO]; 
ct.c=!clk; 
auto.c=clk; 
when 
(sw U==0)# (sw d= =0)#(sw fu==0)#(sw fd==0)#(sw auto==0)#(auto= 
=1) then 
{ 
ct.d:=ct.q+1; 
when (ct==1000) then 
{ 
key=1; 
auto.d:=!sw auto; 
} 
else 
{ 
key=0; 
when (ct==5096) then auto.d:=0; 
else auto.d:=auto.q; 


S3; sw fu=switch fast up 
S4: sw fd=switch fast down 


S1: sw u= switch up 
S2: sw d= switch down 
S5: sw auto=swicth auto offset 


key= key flag: This is set during a clock cycle when a pressed 
key is accepted as valid. 

auto=auto flag: This is set when the auto key is accepted as 
valid, The flag remains active during a complete analogue-to-dig- 
ital conversion cycle (4096 cycles) so that even when a key is 
pressed briefly an entire AD cycle is completed. 

ct.q: q outputs of a counter consisting of 14 registers. 

db.q assumes the state of the ct.d on the edge of the clock (data 
input d-bistable) 


The number of bistables composing the counter is defined on 
the first line. Line 2 shows on the basis of the when statement 
whether a key has been pressed (the relevant input is then low). 
If this is not the case, the counter is held at 0. As soon as the 
condition is met, the counter is increased by 1 for each leading 
edge of a clock pulse. This is done on the line ct.d:=ct.q+7. 
When the counter state is 1000, the flag ‘key’ will be high for a 
clock cycle. The flag is needed to increase, in the unit DAC CON- 
TROL, the counter synchronously as soon as a key is active. If 


key sw_auto is pressed, the up/down counter will be enabled for 
212 clock pulses, irrespective of the length of time the key is 
pressed, so that in the end the DA converter shows the correct 
voltage. If key sw_auto is low for 1000 clock pulses, register 
auto.q will be set at the leading edge of the next clock pulse. 
This ensures that the counter remains enabled until the counter 
has reached 5096 even when the auto switch is released before 
then. 


The second part provides the control for the DAC: 


"DAC CONTROL" 
db=db/11..0); 
db.c=clk; 
when (auto==0) then 
{ 
when (key==1) then 
{ 
cs=key; 
when (sw u==0) then db.d:=db.qt+1; 
else 
{ 
when (sw d==0) then db.d:=db.q-1; 
else 
{ 
when (sw fu==0) then db.d:=db.q+32; 
else 
{ 
when (sw fd==0) then db.d:=db.q-32; 
else db.d:=db.q; 
} 
} 
} 
} 
else 
{ 
db.d:=db.q; 
cs=0; 
} 
} 
else 
{ 
cs=clk; 


when (dir==1) then db.d:=db.q+1; 
else db.d:=db.q-1; 
} 


cs: chipselect of the DA-converter 


The first check in DAC CONTROL is to ascertain whether the reg- 
ister auto has been set or not. /f the register is not set, the man- 
ual nullifying voltage setting with S1-S4 is enabled. If key=1, that 
is, if the previous count is equal to 1000, the underlying key 
demand of S1-S4 is active. This process works in parallel with 
the process ‘KEY CONTROL’. Differing priorities are given to the 
key switches with the aid of a when-else arrangement. Depend- 
ing on which of the four keys is pressed, the counter db will be 
increased or reduced by a step of 7 or 32 on the leading edge 
of the clock pulses. 

if the register auto is set, then depending on the direction bit ‘dir’, 
counter db is increased or reduced by 1. This happens at the 
leading edge of every clock pulse as long as auto=7 (that is, 
4096 times). 
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PRINTED-CIRCUIT 
BOARD 

The printed-circuit board in Figure 3 
consists of three parts which should be 
separated before any construction 
work is undertaken. 

The left-hand part of the board is 
intended for the majority of the cir- 
cuits, including the 5 V regulator, the 
centre part to house the keyboard, and 
the right-hand part, the power supply. 

Since the centre part is intended to 
be fitted to the front of the enclosure, 
it houses the on/off indicator (D)). This 


LED flashes rapidly when one of the 
keys is pressed. 

The power supply board also 
houses mains transformer Tr). Since 
the circuit draws a current of not more 
than 20-25 mA, regulators IC, and IC; 
do not need heat sinks. 

The integrated circuits should be 
fitted in IC socket. Particularly that for 


IC, needs to be of prime quality. 

The programmed CPLD is available 
via our Readers Services (see towards 
the end of this issue). 

The mains transformer may be one 
of several types: Monacor, Block, Velle- 
man (Maplin), all of which fit on the 
board. 

Inductors Ly and L» are standard 
available miniature 4.7 «H chokes. 

The completed prototype boards 
are shown in Figure 4. 

The boards are interconnected by 
linking the +15 V, 0, and -15 V termi- 
nals on the supply board and those on 
the main board via insulated circuit 
wire. The key-board is connected via a 
short length of 10-core flatcable, two 
box headers and two flatcable connec- 
tors. BNC connectors are used for 
input Kg and output Ky. and these are 
linked to the board via short lengths of 
screened cable. The same applies to 
nullifying voltage output socket Ks. 

The small dimensions of the boards 
make the choice of a suitable enclosure 
easy. The prototype boards are housed 
in a Type LC730 from Telet. 

The boards must be bolted to the 
enclosure with the aid of insulated 
(nylon or polyester) spacers. The 
mains entry must be linked to Kg via 
good-quality, not too thin, insulated 
circuit wire. [97003] 
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TO RANGER2 


All Trademarks Acknowledged 


12-bit ADC 
interface 


Analogue measurements via a PC’s printer port 


The Type MAX187 
+5 V, low-power, 
12-bit ADC (analogue- 
- to-digital converter) 
chip from Maxim 
enables a PC to be 
provided with an ana- 
logue input via which 
- analogue voltages 
may be 
‘measured with a high 
degree of accuracy. 
2 The interface 
designed for this is 
connected to the par- 
allel printer port, so it 
can be used with all 
PCs, including laptops. Demonstration soft- !NTRODUCTION 

ware (for Windows) available through Our — Modern technologies make it possible 


to integrate a large number of func- 


Readers Services makes getting acquainted tions oma single chip in a small enclo. 


i j i sure. The present interface is based on 
with the interface a straightforward matter. * Hp HES ance eh ae 


converter (ADC). This device operates 
from a single +5 V supply and accepts 
analogue inputs of 0-5 V. It features 
8.5 us successive approximation, fast 
track‘hold (1.5 ws), an on-chip clock, 
and a high-speed 3-wire serial inter- 
face. 

The MAX187 has an integral 4.096 V 
voltage reference, which ensures that, 
at 12-bit resolution, each step in the 
conversion is exactly 1 mV, 

The device digitizes signals at a 
75 ksps throughput (sampling) rate. An 
external 5 MHz clock is used to drive 
the 3-wire interface. 

Power consumption is only 7.5 mW, 
which reduces to 10 uW in the shut- 
down mode. 

The MAX187 is ideally suited for 
use in remote DSP and sensor applica- 
Design by J. Schroder tions, in circuits where power con- 


ian tata 
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NOTE: PIN NUMBERS SHOWN ARE FOR 8-PIN DiPs ONLY 


sumption and space 
are crucial, in 
portable data log- 
ging, isolated data 
acquisition, and 
high-accuracy 
process control. 


FUNCTIONAL 
DESCRIPTION 


The functional diagram of the MAX187 
is shown in Figure 1, from which the 
pinout is obvious. 

The +5V supply line (V,,) is 
linked to pin 1. 

The measurand, that is, the signal 
to be measured, is applied to pin 2 
(AIN), from where it is passed inter- 
nally to a track & hold (T/H) circuit. 

The IC is controlled via pin 3 
(SHDN). If the logic level at this 
low, the IC is placed in the shutdown 
mode, during which it draws a current 
of only 2 WA. If the logic level is made 
high, or the pin is left open, the IC is 
enabled, The difference between a 
high logic level and an open pin is that 
in the latter condition the internal ref- 
erence is switched off to enable an 
external one to be used. 

The internal 4,096 V voltage refer- 
ence is available at pin 4 (REF). If this 
reference is switched off, a potential of 
2.5-5.0 V may be applied to this pin. 

The earth, digital as well as ana- 
logue, is linked to pin 5 (GND). 

The digital output signal is available 
at pin 6 (Dy) on command of an 
external clock signal (maximum 
5 MHz). 

If the logic level at pin 7 (CS) is low, 
a conversion is initiated at the trailing 
edge of the clock signal. If the level is 
high, the digital output (pin 6) is dis- 
abled and attains a high impedance. 
The correlation of these signals is seen 
in the timing sequence diagram in Fig- 
ure 2. 

The external clock is connected to 
pin 8 (SCLK). 
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CIRCUIT 
DESCRIPTION 
The circuit diagram of 
the interface is shown 
in Figure 3, from which 
it is clear that apart 
from the ADC chip few 
external components 
are needed. Capacitors 
C,-C; provide the nec- 
essary decoupling of 
the reference voltage 
and supply voltage. 

Network R,-D, 
ensures a defined input 
impedance of 1 MQ and 
protect the input (pin 2) 
against wrongly polar- 
ized input signals. 

The measurand is 
applied across network 
R,-D. 


970060-13 


the sensor should not exceed 2 mA. 

The interface and the computer are 
linked via Kj; the various intercon- 
nections are summarized in Table 1. 

When pins 5 and 6 of Kj are made 
high, the MAX187 is provided with a 
supply voltage via Ry and R3. Because 
of the low current drain, this will not 
pose problems in most cases. 

The D, signal at pin 2 of Ky is used 
as the clock for the converter chip. 

__ The D3 signal at pin 3 of K, is the 
CS signal which enables the analogue- 
to-digital conversion. 

The digital data at pin 6 (Do) of 
the MAX187 is applied to pin 10 of K, 
and thence to the ACK input of the 
computer. 


CONSTRUCTION 
The interface is best built on the 
printed-circuit board shown in Fig- 


be ee ee pL 
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There is a facility to 
connect the +5 V supply 
to an external sensor. If 
this facility is used, pins 
18-25 must be linked to 
the earth terminal of the sensor, and 
the +ve supply line to the +terminal 
of the sensor. The current drawn by 


maxim © 
MAX187 
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ure 4. The dimensions of 
this board are so small 
that the complete inter- 
face can be housed in the 
D25 connector (Kj) link- 
ing it to the computer. This presup- 
poses that all components used are as 
specified in the parts list. The super- 
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fluous parts of the board should be 
removed with a fret saw (US: jig saw). 
The etched rectangular solder pads 
should, of course, be slid in between 
the rows of pins on K, (track side of 
the board upwards: facing pins 1-13 of 
K,). When it has been ascertained that 
the connector and board fit neatly 
together, solder pins 1-13 of K; to the 
relevant solder pads. When that is 
done, interconnect pins 18-25 of Ky 
and link them via a short length wire 
to the solder pad marked 18-25. 

The remainder of the board can 
then be finished. 
Link the analogue 
input signal to the 
two solder pads to 
the left and right of 
Rj. It may be possi- 
ble to use a mini 
audio socket for this 
and fit it in the 
entry to K,. 


SOFTWARE 
The interface is 
intended for use 
with the aid of suit- 
able DIY software. 
To start the user on 
the design of this, a 
demonstration pro- 
gram for use with 
Windows is avail- 
able (see Parts list). 
This software is 
written in Delphi 
and shows _ the 
value of the measur- 
and in a window on 
the computer moni- 
tor. 

In the Supplement 
at the centre of this 
issue, an_ article 


about overclocking of CPUs describes 
how temperature may be measured 
with the aid of a separate sensor. In the 
same article, a program is described 
that may be used to guard the tem- 
perature of the CPU in the computer 
with the aid of the present interface 
and a temperature sensor. Construc- 
tion of this sensor is also described in 
this article. 

Basic operation of the demonstra- 
tion software is straightforward. 


* Enable the interface by making 
pins 3, 5 and 6 of the selected 
printer port (K;) high. 

* Make pin 3 of K, (CS) low to start 
the A-D conversion. 

* When the conversion is completed, 
make pin 10 of K; (ACK) high. 

* Make the clock high and then low 
again. The start bit will be replaced 
by the first data bit. on the trailing 
edge of the clock. 

* Make the clock high and then low 
again twelve more times: each time 
a data bit will appear at the trailing 
edge of the clock pulse. 

* When the twelve bits have been 
read, the software computes the 
digital value into a decimal value 
and causes this to be displayed on 
the monitor. 


This process can be seen in graphic 
form in Figure 2. This and the sum- 
mary just given facilitate the develop- 
ment of a program suited to personal 
requirements. 

[9700460)} 


Table 7 


Correlation of printer port pin 


and function and MAX187 pin 
and function 


Printer port Max187 
pin (terion pin ; |incten 
2 D; 8 clock 
> | os 

5 D, i 1 Vop 
6 Ds 1 : Von 
10 ACK 6 Dour 
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We touch-free 


i 
F 
| 


lights switch — 


This article describes a 
lights switch which is 
operated by moving your 
hand in front of it. This is 
achieved by detecting 
infrared light reflected by 
your hand onto a receiver 
device. Alternatively, you 
| may use an infrared 
remote control unit to 
switch the lights on and 
ff. Based on a solid-state 
elay, the switch itself is 
contactless. 
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wave the lights on and off! 


Oe 
A AF) 220V Sony, 4a 
Haw, a7 
6y 0,250 §S2@ 


*8V 203 Oibs 


Push or turn the knob to switch the 
lights on and off, it seems so usual! 
This circuit, however, presents an 
interesting variety: you no longer have 
to actually touch the lights switch — all 
you have to do is waive your hand in 
front of it! The advantages? No more 
dirty fingerprints on the lights switch 
in the cellar or garage, and no more 
danger of an electrical jolt if you oper- 
ate a lights switch in a bathroom or 
other ‘moist’ area. 


PRINCIPLE 

OF OPERATION 

The (simple) principle of operation of 
the touch-free lights switch is illus- 
trated in Figure 1. The infrared light 
emitted by a special IRED (infrared 
emitting diode) is not normally 
detected by a receiver because both 
devices ‘look’ virtually in the same 
direction. If the transmitted beam hits 
an object, however, a small portion of 
the infrared light will be reflected onto 


infrared 


LD271 ~ 
IR transmitter 


f 
k 


IR receiver 970024 - 14 
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the receiver. The resultant change in 
incident IR light is evaluated by a spe- 
cial circuit which responds by actuat- 
ing a solid-state relay. 

If you don’t believe that your hand 
reflects infra-red light, try this: hold 
your TV remote control above or 
beside the TV set, and point it into the 
room. Press a few buttons and aim the 
control until a position is found where 
the TV no longer responds to com- 
mands. Now form your other hand 
into an angled reflector (bend your fin- 
gers towards the TV set) and try again. 
Although a very small portion of the 
(invisible) light is actually reflected 
(most of it is absorbed by your hand), 
the IR receiver in the TV set will still 
be able to detect the (weakened) sig- 
nal. None the less, you may have to 
conduct this little experiment quite 
close to the infrared receiver window 
on the front of the TV. 

Note that the circuit does not use 
a constant IR carrier as suggested 
above. For better noise immunity (and 
to reduce the current consumption...), 
the IR beam is modulated with short 
pulses. This does not, however, change 
the principle of operation in any way. 


CIRCUIT DESCRIPTION 
The power supply is traditional, con- 
sisting of a small (0.35-VA) mains trans- 
former, Trl, a bridge rectifier, BI, a 
three-pin voltage regulator, [C3, and a 
pair of decoupling capacitors for high 
and low frequency noise suppression, 
C2 and C3. The unregulated voltage at 
the input of IC3 is about 7 V. The cir- 
cuit draws about 16 mA in the stand- 
by state, and about 10 mA more if the 
SSR (solid-state relay) is actuated. 

The load (usually a light bulb) to be 
switched is connected to the 0 (‘neu- 
tral’) and S (‘switched live’) terminals 
of KI, 

The transmitter is based on ICla, 
one half of a 556 which is wired to 
operate in astable multivibrator (AMV) 
mode. D1 is the IRED. Here, the ubiq- 
uitous LD271 is used, it has a 100-2 
series resistor to ensure that the aver- 
age current consumption of the trans- 
mitter is not out of kilter. Mind you, 
the output of the 556 is capable of 
sourcing (and sinking) up to 200 mA, 
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1C1 = 556 
1C2 = 74HC107 


SFH506-30 


$201S02 


B80C1500 stm 
K1 
s 
Oe 
0 
970024 - 12 


solid-state relays 


The S201S02 SIP type solid-state relay (SSR) 
from Sharp has a built-in zero-crossing 
detector which minimises dissipation and 
mains-induced noise. According to Sharp, 
applications of SSRs may be found in TVs, 
air conditioners and programmable con- 
trollers. An extract of the main design data 
on the S201S01/02 devices is given below. 
Note that the S01 and S02 versions do not 


(TD) Ourpat (ac) 
(2) Output (AC) 


(@ Inpen ) 


incorporate a current-limiting resistor for the 


internal LED, while the S01 and S03 types 


$101S02/S201S02 


do not have an internal zero-crossing detec- 
tor. The S04 version has a LED resistor as 
well as a zero-crossing detector. 


$201S01/S201S02 Electrical Characteristics 


1 2 304 
wn $= 
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Parameter Conditions 

Input forward voltage Ve | lp=20mA -—- | - 

Input reverse current Ip Va=3V ae ee . 104 A 
Input signal voltage | Vin Ta=Topr 4. 5 [el v] 
Input resistance ~ Aw 117. 130 | 143 Tg | 
[Pickup voltage _ | Vp=6V, Ry=302 ah Os 4 Vv 
Drop-out voltage Vao | Vp=200V 1 ie - V 
state cunent | (ORM |Yo=VonM al 
Output on-state voltage Vr |I7=1.5Arms, R load - 1.5 | Vong 
| Holding current fy ol ie 50 mA 
Output zero-Cross voltage | Vox |lp=15mA - =. | ae ] V 
isolation resistance | Riso | DCS00V. Ry=40-60%| zo10| - | - Q | 
Turn-on time fon | AC 50Hz - - 10 | ms 
| turn-off time [ lof | AC SOHzZ ae 70 | ms 
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so an extra driver is not required. 
The pulse on and off times, tf, and 

tor, are determined by components 

R3, R4 and C5, in the following way: 


ton = 0.639°R3°C5 = 8.1 us 
fope = 0.639*(R4+R3)*C5 = 25.4 us 


The resulting period of 33.5ys 
(8.1+25.4) corresponds to a switching 
frequency of 29.9 kHz. This ‘tunes’ the 
transmitter to the infrared detector 
type SFH506-30 used in the receiver 
(the suffix -30 indicates the frequency, 
in kHz, of optimum sensitivity). 

As already mentioned, the short 
‘on’ time of the transmitter keeps the 
overall current consumption of the cir- 
cuit within reason. 

The IRED has to be fitted with a 
reflecting hood to ensure that it does 
not radiate too much to the sides. 

The heart of the receiver is [C4, an 
SFH506-30 integrated infrared 
receiver/demodulator. If a short burst 
of IR pulses is received (because you 
wave your hand in front of the 
switch), the demodulated pulses are 
fed to the second half of the 556, IC1b, 
which responds by briefly dropping its 
output low. This, in turn, causes 
bistable IC2a to toggle. If the lights 
were off (Q output logic low), they are 
switched on via SSR [C5. Conversely, 
if they were on, the burst turns them 
off. An LED, D2, is provided to signal 
the output status of the circuit. 
Because the LED is controlled by the 
Q output of [C2a, it will be on when 
the light controlled by the SSR is off. 
In this way, the LED enables you to 
locate the switch in the dark. 

As indicated by its name, a solid- 
state relay (SSR) is the all-electronic 
replacement of the good old mechan- 
ical relay. The SSR is compact, easy to 
use, economical as regards current 
consumption and totally free from 
wear and tear. Potted data on the 
Sharp $201S02 used here is given in 
the inset. 

The 30-kHz centre frequency of the 
SFH506-30 is not absolute. In fact, the 
device will also respond to 36-kHz sig- 
nals received from RC5 (compatible) 
remote controls as used with Philips 
TV sets and audio equipment. 
Whether this property is an advantage 
or a disadvantage is difficult to tell as 
it will depend on the application you 
have in mind for the light switch. For 
obvious reasons, the switch is best not 
installed in the same room as the fam- 
ily’s TV set! 


CONSTRUCTION 

A very compact printed circuit board 
has been designed for the circuit to 
allow it to be built into the compact 
Bopla case specified in the parts list. 
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Alternatively, the unit may be built 
into a mains switch enclosure or a 
mains junction box. 

As already mentioned, the IRED, 
D1, should be fitted with a reflecting 
cap which is given a recessed position 
in the box panel. The dome-shaped 
face of the SFH506-30 should also have 
a ‘free view’ from the box panel. 
Finally, the status LED should be fitted 
with a collar or a round clip to enable 
it to protrude slightly from the case. 

Use heavy-duty, mains-rated wire 
for the connections on the 0 (neutral), 
~ (live) and S (switched live) terminals 
on the board. The Bopla SE-432 case 
allows the mains wiring to be kept 
very simple because it has a moulded 
mains plug, and a mains socket in the 
top panel (it does not seem to be avail- 
able with a UK style socket). It allows 
the lamp(s) you want to switch to be 
connected to the circuit by means of 
an ordinary mains plug. 

As the circuit has no adjustment 
points it is immediately ready for test- 
ing. To prevent unwanted reflection of 
the infrared light beam, the unit 
should be mounted such that it does 
not face a nearby wall. 
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irectional microphone 


without parabolic reflector 


_ Directional 

microphones 
such as used 
by, say, out- 
_. door-recording special- 
ists and bird-watchers, 
are invariably provided 
with a conspicuous para- 

‘bolic reflector. This cap- 
tures an almost parallel 
beam of sound waves 
and so reduces the 
angle of incidence of the 
microphone. The same 
action may be obtained 
n acompletely different 
manner as described in 
: this article. 
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INTRODUCTION 


A directional microphone may be con- 
structed in several ways. The most fre- 
quently encountered is that in which 
the transducer is provided with a 
mechanical aid that functions as a kind 
of acoustic lens, This greatly amplifies 
the narrow beam of sounds in line 
with the axis of the microphone and 
usually takes the shape of a parabolic 
reflector. 

The angle of incidence of the 
sounds may also be narrowed in a dif- 
ferent way. In this, the sounds in line 
with the axis of the microphone are not 
amplified, but those at an angle to this 
line are attenuated in proportion to the 
size of the angle to give the same effect. 
In this case, of course, the in-line 
sounds need to be magnified by elec- 
tronic means,. that is, in an amplifier 


DESIGN 
CONSIDERATIONS 

In the present circuit, yet another 
approach is used, which depends on 


the phase of the incident sounds. 
Speech signals of identical frequency 
arrive at the microphone with differ- 
ent phases, depending on the location 
of the source of the sounds. It is there- 
fore possible to select from the mass of 
sounds arriving at the microphone just 
one or a specific range that have the 
same frequency but differ in phase. 
This cannot be done with a single 
microphone, however, but with two 
microphones the results are highly sat- 
isfactory. The two microphones are not 
mounted side by side, as would be 
expected, but one behind the other, at 
a specific distance, along their respec- 
tive axes as in Figure 1, 

If the two microphones are sepa- 
rated by a half-wavelength of the 
wanted sound, the sounds will arrive 
at them with opposite phase. This is 
because the microphone at the left 
receives the falling edge of the signal 
and the microphone at the right the 
rising edge. If these signals are ampli- 
fied and then subtracted from one 
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another in a differential amplifier, the 
output of that amplifier will be a 
strong signal at the wanted frequency. 

Signals arriving at the microphones 
in phase (that is, at an angle to the line 
joining the axes of the microphones) 
oppose one another in the differential 
amplifier and will thus be strongly 
attenuated. 

A bonus of this approach is that 
interfering low-frequency signals, 
such as traffic noise or wind noise, 
invariably arrive at the microphones 
in phase and will thus be greatly 
attenuated. 

Tt is obvious that the distance 
between the microphones is of crucial 
importance for effective directional 
operation. After many experiments, a 
distance of 20 cm (8 in) was found to 
be the best compromise. This distance 
corresponds to the half-wavelength of 
a signal at 850 Hz, which is at a con- 
venient point in the speech band of 
200-3000 Hz. The electronic circuits 
associated with the microphone are 
therefore designed for selective ampli- 
fication of this band. 


CIRCUIT DESCRIPTION 
The diagram in Figure 2 makes it clear 
that the circuit is not very complicated. 
It consists of input amplifiers IC), and 
IC,,, differential amplifier IC, 4, and a 
simple headphone amplifier consisting 
of IC; and Ty and T3. 

The outputs of microphones MIC, 
and MIC; are applied to IC}, and [Cj, 
respectively. The microphones are 
electret types, whose supply voltage is 
derived from the supply lines via Ry 
and R; respectively. Since the sensitiv- 
ity of these microphones, especially 
inexpensive types, has a wide toler- 
ance, preset P; is provided to match 
that of MIC, to MIC>. 

The RC networks associated with 
the input amplifiers limit the band- 
width of the input as stated earlier to 
200-3000 Hz. Networks Rg-C,, Rz-C;, 
Ry-P,-C,, and R3-Cy, form low-pass 
sections, whereas R3-C3, Ry-Cy, and 
R;-Cs, are high-pass sections. 

The amplified signals are sub- 
tracted from one another by differen- 
tial amplifier IC) 4. Here also, networks 
Rg-Ro-Cg and Rj, ;-Cg serve to keep the 
bandwidth within the stated limits. 

The level of the differential signal 
at the output of IC,4 may be adjusted 
with P . The signal at the wiper of this 
potentiometer is applied to the input 
of the simple headphone amplifier, 
which consists of IC), and transistors 
T, and T>. Again, networks Ry3-Cy; 
and Rj-Cjy serve to keep the band- 
width within the earlier stated limits. 

Resistor Ry; ensures that output 
current of the headphone amplifier is 
kept within certain limits to avoid 
overloading of the battery at low out- 
put impedances. Bear in mind that the 
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impedance of many small head- 
phones, even with both ear-pieces in 
series, is of the order of only 16 ohms. 

The operational amplifier used is a 
low-noise type which has the added 
advantage of needing only a low sup- 
ply voltage. Also, it draws a current of 
not more than 7.5 mA. This enables the 
microphone to be powered by a single 
9 V battery (dry or rechargeable). 

Potential divider Rj,-Rj7 arranges 
the supply lines to the input amplifiers 
at half the battery voltage. The supply 
lines are well decoupled by capacitors 
C13-Ci¢ to make certain that there is 
no feedback of spurious signals along 
these lines. This is particularly impor- 
tant when the battery reaches the end 
of its life (or charge, as the case may 
be), and then has a high internal 
impedance. The supply lines to the 
microphones are additionally decou- 
pled by Ryg-Cy7. 


FINALLY ... 

The electronic circuits are best built on 
the printed-circuit board shown in Fig- 
ure 3, which is available ready-made 
through our Readers Services. Con- 
structing the board is a very simple 
affair, indeed. 

The completed board and the 9-V 
battery can be housed conveniently in 
a small case. Connect the microphones 
to the assembly via screened micro- 
phone cable. 

The final shape of the directional 
microphone assembly depends largely 
on the constructor’s preferences and 
ingenuity. It is important, however, 


IC1 = OP413 


970079 - 12 


BCS57B 
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63 | 


that the microphones are fixed 20 cm 
apart on some sort of carrier. 


SOME TECHNICAL 
DATA 
The characteristic of the pass-band of 
the directional microphone assembly 
is shown in Figure 4. As mentioned in 
the text, the —3 dB cut-off points are at 
200 Hz and (just below) 3000 Hz The 
centre frequency may be assumed at 
about 850 Hz. 

The overall voltage amplification of 
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the circuit is about x 1800 (65 dB). 
The harmonic distortion is <0.1% 
measured at a frequency of 750 Hz 
with a load impedance of 600 Q. 
[970079] 


AMPL(dBr) vs FREQ(Hz) 
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multiplexers, decoders, 


registers. 


Today, most of you will be convinced 
of the advantages of programmable 
logic in all its forms: PALs, PLDs, 
- CPLDs and FPGAs. Indeed, one sim- 
«ple PAL type 22V10 already replaces 
‘half a dozen of TTL circuits while also 
teducing PCB size and current con- 
“sumption. The new families of in-cir- 
cuit programmable PLDs and CPLDs 
allow, by themselves, applications to 
‘be realized which used to be restricted 
* to well-equipped laboratories, because 
of the prohibitive cost of development 


m the 74xx family were 
anacea for the realiza- 


fate machines and other 


: port 
map (X(0) X(1) ,X(2) .X(3) AEQB} 
end STRUCTURAL: . 


a, structural 
(linked components) 


logic block 


utilities or requisite programmers. 
Henceforth, thanks to in-circuit pro- 
gramming and the appearance of soft- 
ware which allows programmable cir- 
cuits to be designed in VHDL on a PC, 
any user is finally capable of realizing 
his/her own application from start to 
finish. 


NOT-SO-COMPLEX 
CPLDs 

The CPLD (Complex Programmable Logic 
Device) raises the concept of PAL or 


entity definition: 


fibrary ieee; 
use leee.std_ logic 1164; 
entity COMPARES Is 


end COMPARES; 


three architecture options: 


programmable logic: 
JL and other new ways 
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PLD to a higher level of integration. 
Instead of adding inputs/outputs, or 
creating product terms with multiple 
elements (the logic expression ‘A and 
B and C’ is a product term with 3 ele- 
ments: A, B and C), a CPLD is a unity 
of logic blocks which are intercon- 
nected by a matrix. As shown in Fig- 
ure 1, each logic block, equivalent to a 
PLD, consists of a product-term gen- 
erator followed by an allocator which 
routes each of the product terms to 
one or several logic ORs. The expres- 


port (a, B; in std_logic_vettor(3 downto 0) ; 
AEGB: out std_togio_vector(3 downto 0)) ; 


i 


gatespkg.al 
‘STRUCTURAL architecture of COMPARES 


AEQB <= ‘not (A(0) xor 
and not {A(1}) xor 
and not (A(2) xor 
and not (A(3) xor 


end BOOLEAN; 


b. data stream 
(boolean equations) 


use ieee, std_arith.all; 


BOOLEAN architecture of COMPARES BEHAVIOURAL architecture of COMPARES 


process (A, 8) 
begin 


if A=B then 
AEQB << ‘1’ 
alse 
AEQB <= '0' 
end if; 


en process; 
end BEHAVIOURAL; 


c. behavioural 
(based on algorithms) 
370067 - 12 


VHDL is the VHSIC Hardware Description Language. VHSIC is an abbrevialion for Very High Speed [ntegrated Circuit. 
It can describe the behaviour and structure of digital electronic hardware designs, such as ASICs and FPGAs as well as 
conventional MSI circuits. VHDL is a notation, and is precisely and completely defined by the Language Reference Man- 
ual (LRM}. This sets VHDL apart from other hardware description languages, which are to some extent defined in an ad 
hoc way by the behaviour of tools that use them. VHDL is an international standard, reyrulated by the JEEE. The defini- 
tion of the language is non-proprietary. Sune; UK VHDL Users page, 


wski (Cypress France) 


y kn 
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sion obtained in this way is fed to a 
macrocell consisting of a flip-flop, mul- 
tiplexers and a three-state output 
ahead of an input/output terminal. By 
cascading logic blocks, it is possible to 
make the logic expressions even more 
complex than those created by a sim- 
ple trip in the AND-OR structure. 
CPLDs by themselves only differ in 
respect of the product allocator and 
the number of OR inputs before the 
macrocells. The internal architecture of 
CPLDs should allow the pin-out cho- 
sen for the component mounting to be 
preserved as much as possible, even if 
logic to be fitted has been modified or 
extended a couple of times, thus 
avoiding any unnecessary changes to 
the copper track layout. The most 
widely used package styles are the 
PLCC 44, 68 and 84, which may be 
mounted in sockets. 


THE TOWER OF BABEL 
The progress in the field of integration, 
density or flexibility of use of these 
components would be useless if there 
were no hardware description lan- 
guage capable of exploiting all avail- 
able resources, Today, incontestably, 
the VHDL language presents itself. 
Originally only developed to allow US 
army electronic engineers and their 
suppliers to communicate along strict 
protocols, VHDL has slowly invaded 
all levels of electronic design. Even if it 
seems overkill for the design of simple 
PALs, using it allows you to overcome 
many realistic problems. Its first and 
foremost advantage is that of being a 
standard which is watched over by 
powerful IEEE standardisation com- 
mittee. This implies that the survival 
of this language, or the tools that use 
it, does not depend on one or several 
manufacturers. Moreover, this lan- 
guage is a melting pot of different 
points of view and requirements of its 
designers. The resulting compromises 
allow one and the same function to be 
described with the aid of your pre- 
ferred point of view. The essential 
point, of course, remains that the com- 
ponent does what you expect it to do. 


DO YOUR OWN THING 

Concerning the design of program- 
mable logic, you could uphold that 
that there are three ‘schools’. The first 
gives privilege to the schematic-ori- 
ented approach, which means that 
functions are described with the aid of 
a collection of interconnected ele- 
ments, chiefly logic ports (OR, NAND, 
XOR) and bistables (flip-flops and 
latches). This approach, called ‘struc- 
tural’ has the advantage of showing 
clearly the amount of resources to 
throw in to realize this function, and 
to better exploit the possibilities of the 
component. On the down side, the 
description is tied to the final technol- 
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ogy, and changing a component may 
produce worse results. The second 
approach draws on Boolean equations. 
Each output is ‘expressed’ with the aid 
of an equation in which inputs and 
component-internal nodes come 
together. To users of other design lan- 
guages for programmable logic, this is 
the most natural approach. With some 
effort at code rewriting from PalASM 
or Abel into VHDL, it becomes possi- 
ble to rehash old programs produced 
for components which are now obso- 
lete. The third school favours an algo- 
rithm-based approach. Descriptions 
which are called ‘behavioural’ cause 
different processes to meet. The exe- 
cution of these processes is event-con- 
ditioned (for example, a rising edge in 
a clock signal). Once activated, a 
process launches a series of instruc- 
tions which closely resemble those 
used in the classic programming lan- 
guages. You will find a miscellany of 
structures which are conditional like [F- 
THEN-ELSE, CASE-WHEN,;; iterative 
like FOR-LOOP, or repetitive like 
WHILE-LOOP. An important advan- 
tage of this approach is that it yields a 


global understanding of the function. 
However, being farther removed from 
the final component mounting, it is 
essential for the utility which synthe- 
sises the description, that is, compiles 
it and plants it in the device, to pro- 
vide equally good results. VHDL and 
its designers has, at last, tried to rec- 
oncile these approaches and suc- 
ceeded in doing so. Even better, it is 
possible to employ these different 
approaches within one and the same 
project. Typically, a state machine is 
best described using an algorithm, 
while it is easier to express the func- 
tions of its outputs in Boolean terms. 
Employing three examples, Fig- 
ure 2 illustrates each of the approaches 
mentioned above. Each VHDL 
description consists of two parts. The 


connector 


first, called ‘entity definition’ serves to 
define the inputs/outputs of the func- 
tion, without bothering about details 
regarding the actual implementation. 
It is the second part, the ‘architecture’, 
which indicates how to realize this 
function: interconnected components, 
Boolean equations or algorithms. 


ON PROGRAMMING 

The last barrier associated with the 
programming of these components 
has been lifted. Thanks to the latest 
techniques in electrical erasing which 
gave us Flash and EEPROM devices, 
manufacturers have been able to final- 
ize the details of programmable or 
reprogrammable components in-cir- 
cuit, that is, without removing these 
components from the board. In this 
way, the use of in-circuit (re)program- 
mable devices allows you to totally for- 
get about a special programmer and a 
costly set of adaptors. A simple cable 
hooked up to the parallel port of a PC 
allows programmable data to be 
downloaded into the component. The 
input/output pins which convey the 
programming signals, generally four 


5-wire in-circuit programming cable 


- in/out serial data SDVSOO 
«clock, SCLK 

- acknowledge, ISR. 

= ground, GND 
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or five, have a double function, and 
may, therefore, be used again when 
the component is returned to its ‘nor- 
mal’ mode of operation. Eventually, 
the card has only minor changes as 
compared with a version that does not 
support in-circuit programming: it is 
sufficient to add a simple connector (10 
contacts are enough) and to provide 
for a few extra programming wires to 
pass. Sure, it is also possible to create a 
simple card which is designed for the 
sole purpose of programming the 
component — doing so results in your 
very own low-cost programmer. 

Figure 3 shows the main aspects of 
in-circuit reprogramming (ICR, also 
called ISR, for in-situ programming). If 
necessary, two or several components 
may be cascaded and programmed in 
series, in parallel, or one by one. Effec- 
tively, in-circuit programming is based 
on the principle of the JTAG bus used 
for card testing. It also uses the same 
principle for the addressing and for 
the dialogue with the components 
mounted on the card. 


7) 


project management 


See NRE Bone: 


compller/debugger 


VHDL OR IN-CIRCUIT 
PROGRAMMING? 
BoTH! 


Cypress Semiconductors proposes a 
new development kit under reference 
number CY3620, It consists of an ICR 
programming kit for Flash370i CPLDs, 
and the Warp2™M VHDL design soft- 
ware for Window's 3.x, 95 or NT, which 
includes a project manager and an 
integrated VHDL  editor/debugger 
(Figure 4). Thanks to a functional sim- 
ulator which is also included (Fig- 
ure 5), it becomes possible to create 
stimuli in the form of timing diagrams, 
and so facilitate making finishing 
touches to any application based on 
PALs, PLDs and CPLDs from 8 to 256 


VHDL editor 


sig. os 
Bel, vl asec 


JArchiectire 


Aas VHOL code generator 


macrocells. Supplied with Kevin 
Sahill’s excellent book on VHDL!, and 
a compilation of exercises and practi- 
cal solutions, the CY3620 kit will no 
doubt convince enlightened electron- 
ics designers to jump the bandwagon 
when programmable logic is involved. 

(970067-1) 


Reference 

1 VHDL for Programmable Logic, by 
Kevin Sahill, published by Addison 
Wesley, ISBN 0-201-89573-0. 

Further information on VHDL may be 
found on the UK VHDL Users pages 
starting at: 
www.vhdluk.org/contents.him 


Nova CNT4 Device 
file Edt Simulate Views 


0001 clk 
"0006 load 
0014 count_3- 
0023 count_2 
0015 count.1 | 
0022 count.O- 
0005 data 
0004 data 2 | 
0009 data_} 
0002 data_0 
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Since I spend quite a few hours 
the computer at home as well. 
office, I recently decided that 
had come to replace my ancien 
tor by a new 17 inch model, ¢ 
when I buy new hardware, 
through the various computer 
to see what is available, before I 
the shops to see for myself what 
are and what models are readily 
able. Reading through the n 
was struck by the fact that the 
reviewers often have quite different 
ions. These differences are } 
marked in the case of hard disk 
CD-ROM drives, but definitely $0 
it comes to monitors. One monitor 
at the top of the list in one 
and at the bottom in another! I 
therefore that it would be best to 
number of monitors myself (i 
shops, that is). ha 
It soon became apparent th 
reviews can be trusted only 
course, certain aspects, such as | 
width, controls, screening, type 
play, are the same in most reviews, 
when it comes to picture quality 
geometry, you cannot do: better 
trust your own eyes and judgment 
the course of my quest, I tested § 
monitors, and some of these, altho 
they scored well in the reviews, did 
satisfy me at all. Several suffered from 
line distortion and annoying deviati: 
in the corners of the display, Unfort 
nately, these are matters that you can- 
not eradicate with the standard 
trols, but which could have been re 
died during the quality test in the 
tory. 
The quality or lack thereof 
nothing to do with the price — som 
economy models were slightly bet 
than some expensive ones. It seems 
you just need luck to buy one that hé 
been set up and adjusted properly in the 
factory. a 
I was lucky and now have a 17 ir 
colour monitor (black-and-white | 
are no longer available) that was set u 
in the factory to specification ar 
what's more important, to my Sati: 
tion. 
My advice to prospective buyers 
monitor is to convince: your 
demands as to quality and test it i 
oughly in the shop. If a shop di 
allow you to do so, go te another! 


In popular demand: 
Alpha Microelectronics 
address 
| found an interesting article in 
your July/August 1997 issue about 
a single chip ac-dc inverter (page 
102). Itis a small application note 
numbered 974026 from Alpha. | 
would be very pleased if you could 
send me the address of that com- 
pany, since | have not been able 
to find it anywhere. 

Kari Supponen, Finland 

(by email) 


Actually, the number 974026 is 
our article production code, Kari, 
and the full name of the compa- 
ny is Aloha Electronics. Their 
main product distributor is Uni- 
tronic GmbH, RO. Box 350252, 
D-404444 Diisseldorf, Germany. 
Tel. (+49) 217 9511-0, fax 
(+49) 211 9511-111. We hope 
this helps you. 


FOR SALE Tektronix 7904 oscillo- 
scope, 2x dual trace amps, delay- 
ing timebase & logic analyzer with 
manuals, £250. Tel. 01844 
338959, Mr. G. Morgan. 


FOR SALE kits for 1.2 GHz Multi- 
function Frequency Meter (EE Dec 
1992), Unmatched project. Kit 
includes EPROM, PCB, LCD, front 
panel, drilled case, all parts and 
description. Few available, ultra- 
low price £75 each. Anita, Sib- 
berkerkstr 100, NL-6301-AW 
Valkenburg, Netherlands. Email 
techtext@worldonline.nl. 
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PIPO2 problems 
\'m having problems with pro- 
gramming a PIC16C84 using the 
PIPO2 program (June 1997 Sup- 
plement, ed.). My computer is a 
166 MHz Pentium system, and | 
suspect it’s too fast. Can you help 
me, please? 

T. Suhonen, Finland 


The version of PIPO2 we were 
allowed to distribute by Silicon 
Studios is not the latest version. 
We suggest getting in touch with 
Antti Lukats of Silicon Studios to 
discuss your problems. Mean- 
while, try adding this line to your 
AUTOEXEC. BAT file: 

SET STUDIODIR =C:\PIPO2 


Intel hex-8 format 
| refer to the June 1997 Supple- 
ment on microprocessors, in par- 
ticular, the Mini PIC Programmer. 


FOR SALE Powered subwoofer 
system. Write to Z.H. Ashim, 591 
Padang Lalang, 14120 Penang, 
Malaysia. Phone/fax 604 588 
6019. 


FOR SALE Microchip PlCstart 
16B1 development kit £45. WANT- 
ED T5C820CPL 3.75-digit DVM 
chip. Phone Steve on 01342 
893247. 


FOR SALE Microcontroller system. 
10 in/outputs. More info: send £2, 
J. Moxham, 23 Arizona Tce, 
Glenalta, SA 5052, Australia. 
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We can only answer questions or remarks of general interest to our readers, con- 
cerning projects not older than two years and published in Elektor Electronics. In 
view of the amount of post received, it is not possible to answer all letters, and | 
we are unable to respond to individual wishes and requests for modifications 
to, or additional information about, Elektor Electronics projects. 


Could you please elaborate on 
what we would use to produce an 
INHX8M (Intel hex-8) format file, 
please. 

lan Gill (by email) 


We would be surprised to see a 
PIC code assembler which does 
not support the Intel hex-8 for- 
mat. MPASM (free from 
Microchip) does the job, too. 
There are also /ots of file con- 
version utilities around which 
produce INHX8 output. 


Thanks Jan, 
You were exactly right, MPASM is 
the program | was looking for (and 
free too). Unfortunately entry into 
the world of PICs is difficult for 
hobbyists faced with numerous 
businesses trying to sell high 
priced programmers and software, 
we don't always get pointed to the 
simple solutions and free software. 
Thanks for your help and thank 
you for running the very timely 
June edition mini PIC programmer 
story. 

Regards, lan Gill 


HEXFET 

amplifier oscillation 

| have built the amplifier described 
in the article ‘HexFET Amplifier 
Upgrade’ (September 1995). | am 


FOR SALE Combined PCB tank, 
process/etch/wash as RS no, 215- 
9233 (£412+VAT) + small UV 
box, £200 ONO. Phone Bruno 
(01491) 824774 daytime. 


FOR SALE WW2 Radar receiver 
set with CRT, in original packing 
case. Offers phone L.L. Dracup 
01727 St Albans 862702. 


WANTED Denco plug-in coils 1, 
2, 3, 4T, all colours. And Radion- 
ic radio construction sets. Phone 
Terry Bateman on 01702 


3374470. 
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very pleased with the performance 
of the amplifier, both as regards 
measurement and sonic results, 
However, during my measure- 
ments | discovered short high-fre- 
quency oscillation burst which 
occurs any time the amplifier is 
switched on or off. Although these 
bursts are without consequence 
because of the output relay, | am 
writing to inform if this problem is 
known , and if there is a possible 
remedy. 

J. Glerum 


Yes, we do recognize the phe- 
nomenon you mention, it is 
caused by the IGBT transistors 
used in the design. Although the 
oscillation is not harmful, it is 
not proper! Those of you who 
want to get rid of it may fit a 
second Boucherot network in 
parallel with the one already pre- 
sent (R32-R33-C10). The extra 
network should consist of a 
series connection made from a 
220-nF (0.22-uF) capacitor and 
a 6.8-Q resistor with a power 
rating of 5 watts. This combina- 
tion should be connected 
between point ‘A’ and ground, 
which is best done at the solder 
side of the board. As far as we 
have been able to ascertain, this 
modification does not affect the 
amplifier’s performance. 


FOR SALE 10 MHz brand new 
oscilloscope Cl-112, built-in mul- 
timeter, £300 excl. postage. Write 
to A. Anguelov, PO. Box 13589, 
Leraatsfontein, 1038 South Africa. 


WANTED Grundig Video ‘2000' 
video recorder, PJ. Axbey, Tel. 
01792 475904, 
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SPECIAL PRODUCTS 

ELEXTOR ELECTRONICS VOLUME 1996 ON CD-ROM, incl 

Flectronies Workbench working dema = 37.50% 63,00* 

* reduced price for subscribers. Normal price: £35.50 or 
US$?71.00 

ELEKTOR ELECTRONICS VOLUME 1995 ON CO-ROM 

37.00" 74,00" 

* aduced price for subscribers. Normal price: £41.00 of 
US$82.00 

ELEKTOR ELECTRONICS SOFTWARE COMPETITION 

1996/97 ON CD-ROM. 

Compliation of all prize-winning entries. Dysclaimer: 

software suppliad a is, not 

tested by Elektar 976003-1 

ELEKTOR ELECTRONICS HELP DISK. 

Component colour band decoder software on 

4,5-Inch disk 966022-1 10.00 20.00 

ELEATOR ELECTRONICS ITEM TRACER 1985-1996. 

fon 3.5-Inch floppy disk) = 966006-1 —16.00* 20.00" 

* reduced prica for subscnbars, Normal price: £11.75 or 
US$23 80. 


15,75 31.50 


OCTOBER 1997 


4-Way Senal Port Switch = 970057-1 12.00 24.00 
12-bit ADC Interface; 
- PCB and disk S7o0b0-C = 10.50 21.00 
+ Disk only (also for 

CPU Thermometer) o7édt1-1 §.25 11.50 
Infra-rad-Controlled 
Nolse-less Volume Control 9700641 11.00 22.00 
Frequency Mater and Event 
Counter Module 
- PCB and PIC1BC56, g70077-C 34.25 68.50 
~ PIG only 976505-1 25.60 51.00 
OC Nullifier for Oscilloscope 
Input: 
~ PCH 970063-4 12.50 25,00 
- PZ5032 CPLO chip 976519-1 20.25 40.50 
~ Disk only 976016-+ 5.00 10,00 
Directional Microphone S7oo7g-1 8.25 16.50 
Touch-tree Lights Swtch Not Available 
Distartlon’Fuzz Unit tor Guitars Not Available 
SEPTEMBER 1997 
Data Acquisition System: 
- PCB, EPROM and disk §70059-¢ 33.00 66.00 
- EPROM anly 956510-1 12.25 24.50 
+ disk only 956010-1 B75 17,50 
Centronics Relay Card 97 0053-1 11.25 22.50 


Qual Continuity Tester g70020-1 7.50 15.00 
Chipeard ReaderProgrammer: 

- PCB and disk g70050-C 1350 27.00 
- disk only $76010-1 650 17.00 
JULY/AUGUST 1997 

AGB Video Amplifier g740d2-f = 12.25 24.50 
Digital Tester 974012-+ 919.25 26.50 
LM2574 Switch-Mode 
Power Supply 974024-1 7.60 15.00 
Selective Door Chime 974025-1 8.59 1700 
Yamaha OBSOXG 

Stand-Alone Soundcard 974100-1 14.75 29.50 
JUNE 1997 

§00537 Microcontroller Board: 

- PCB. GAL & EPROM 970045-C 58.00 t16.00 
- GAL only ST6511-1 9 14.78 29.50 
~ EPROM only S765t0-1 14.00 28.00 


UR), £4 
os 


OCTOBER 
1997 


PAST ee 


vice Lid, Unit 
e weunient ree a aie ea Een, 
200667 si) see ae 


for single copies, 

); £3.50 {surface mall outside UK); £3.75 (air mail 
ae £4.60 (airmail outside Europe}. Prices: of past 
an gust and December issues, including postage for 
ingle copies. are £4.25 (UK); £4.50 (surace mail outside 
5 rida Europe), and £5.50 (airmail outside 


a0 Administrative Office in paki telephone (01305) 
250095; fax 250896, email elakior_uk@comnuserve.com. 


- Monitor doc file ondisk  976008-1 8.00 16,00 
Remote Contra! by Telephone 

= program on disk 976005-1 875 17.50 
Earth Leakage Meter 970046-1 13.25 26.50 
Car Battery Monitor 970025-1 16.50 33.00 
Muttl-Purpose LCD with 68HC11: 

~Cantrol program on disk 976009-1 11.25 22.50 

Miri PIG Programmer and 

Mini Programmer for Serial EEPROMs: 

- PIPO2 software on disk 97 6007-1 §.50 11.00 
MAY 1997 

Long-Distance IrDA Link: 

~ PCB & 8902051 g70041-C =. 25.25 5050 
- 8902051 only 9765081 17.50 35.00 
Advanced LCR Meter 

- PCB. GAL + EPROM 7O028-C 62.50 125.60 
- GAL 2210 976506-1 26.50 53.00 
~ EPROM 270512 $76507-1 7.75 15.50 
- Front panel foil 970028-F 13.50 27.00 
Wideband Millivolt Meter = 970021-1 = 21,50 43,00 
Compact Power Amplifier = 970043-1 19.75 39.50 
APRIL 1997 

Digital Thermostat: 

- PCB & PIC16C54 960112-C 3250 65,00 
+ PICTBC5S4 only 966501-1 22.50 45.00 
uP-Contralled Mixer Board 

- PGB & STH2T25B 970037-C 32.75 65.50 
- §162T25B only 976502-1 24.50 49,00 
- PCB only g70037-1 10.25 20.50 
- Software on floppy (AD) = 976006-1 6.00 12,00 
PIC-contra'led Home Alarm 

System 

- PCB & PIC 16084 970022-C 30,50 61,00 
- PIC16084 only Q76601-1 23.50 47.00 
General-Purpose Pawar 

Supply 970036-1 8.50 17.00 
Opto-to-Coaxial Audio 

Converter 970031-1 7.00 14.00 
MARCH 1997 

EPROM Programmer: 

- PCB $70010-1 15.75 31.50 


- Contra! software on CD-ROM no. 976003-1 


Battery-Operated AF Signal 


Generator 970003-1 10.00 20.00 
FEBRUARY 1997 

Battery-Powered Preamplifier 960094-1 34.25 68.50 
Motor Controller for A/C 

Modals 

+ PCB and PIC16054 960095-C 22.75 45.50 
- PIC 18084 only 966510-1 18.00 38.00 
68HC1t Emulator: 

- PCB and diskette g70008-C 28.00 56.00 
- Diskette only 976002-1 11.25 22.50 
Simple Inductance Meter: 

- PCB and diskette 970009-C 16.25 30.50 
- Diskette only $76001-1 875 1750 
Talking Doorbell 97 0015-1 10.50 21.00 
JANUARY 1997 

Dongie Switch 960089-1 7,00 14.00 
Magnetic-Field Meter 960100-1 6450 17.00 
Speed Regulator for Model 
Trains 960113-1 850 17.00 
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20-bit AD converter 
Remote Control by Visible 
Light 

Primary-Battery Refresher 
AS232 data acquisition card 
- PGB, PIC and disk 

- disk only 

- PIC 16071 only 
Hands-On Electronics: 

- MicroCap ¥ demo desks 
Electrically Isolated (2C bus 
Centronics |'0 Port 

Mains Voltage Cleaner 


NOVEMBER 1996 
8762 Programmer: 

- POB and disk 

~ PCB only 

- disk only 

Hands-On Electronics 

- MicroCap ¥ demo disks 
Headphones Amplifier 
5OW AF. Amplifier 
Infra-red RS292 Link 

- PCB and disk 

- disk only (Temic flies) 
Steam-Engine-Noise- 
Generator 


OCTOBER 1996 

Video Test Chart Generator: 

~ PCB, EPLO, EPROM and 
disk 

- EPLD EPM7032 

- EPROM 270040 

- Disk only 

Mini Flash Programmer: 

- PGB and software (disk} 

- Software only (disk) 

Mini Meta! Detector 

Darkroom Timer 

Sampling Rate Converter 

- PCB and ST62TIO 

- §762T10 (1C2) 

Thrifty Crystal Oven 

Electric-Bulo Tester 

Multi-Purpose Pascal 

VO Unit (disk only} 


SEPTEMBER 1996 


Digital max'min thermometer 


- PCB and $T62T10 
- ST62T10 [IC1) 


960110-1 


960068-1 
960106-1 


960098-C 
$66019-1 
966508-1 


966021 -1 
964062-1 
964116-1 
§64070-1 


960105-C 
960105-1 
966018-1 


966021-1 
960109-1 
960079-1 


960107-C 
966020-1 


S60087-1 


960076-C 
966507-1 
S66507-2 
$66011-1 


960078-C 
966015-1 
960075-1 
960086-1 


$60093-C 
966511-1 
960071-1 
960091-1 


966013-1 


960010-0 
956515-1 


Standby Unit for TV Economy 960063-1 


Digital Compass 

RS232 Interface for A/D 
Converter ICL7106 

- software on disk 


JULY/AUGUST 1996 
Continuity Tester 
Symmetneat Power Supply 
Sound-to-Light Unit 
§0-MHz dBm Meter 
Precision Battery Capacity 
Meter 

Video Fader 


960085-1 


966016-1 


UPBS-1 
UPBS-1 
950123-1 
964039-1 


964040-1 
$64076-1 


Inexpensive AD/DA Converter: 


- PCB 
+ software on disk 
Singie-Caip AF Power Amp 


JUNE 1996 


964092-1 
966009-1 
964104-1 


Flash EPROM Programmer/Emulator 


- PCB + disk 

- disk only 

Keyboard Swap for PCs 
Stop that Barking! 

23cm ATV preamplifier 
Pulsimeter 

Burglar Deterrent Lighting 


MAY 1996 
Intelligent Chess Clock: 


SB0077-0 
966017-1 
950126-1 
960035-1 
960072-1 
960005-1 
960022-t 


- PCB + 87051 (946645-1) 950097-C 


- 87051 
Digital VU meter (2) 


946645-1 


- PCB + EPROM (946646-t) 950098-C 


- EPROM 270512 


946646-1 


Surround Sound Subwoofer (3): 


- PCB 

Mains Voitage Monitor: 

- PCB 

64-Channel Logic Analyser: 
main PCB, disk & IC4,1C5 

- 1C4 ispLS1016 

- ICS ispLS!1016 

- disk (MSDOS) 

- axtansion PCAs (3-m-1) 

- 1C20/30/40 ispLSi1016 


APRIL 1996 

U24028 Battery Charger 
Centronics Interface: 

- PCB + disk (966008-1) 
- Disk (Windows) 


960049-1 
960055-1 


960033-C 
§66506-1 
S66506-2 
966010-1 
960033-2 
966506-2 


950120-1 


960052-C 
966008-1 


P¢-Gantrolled AF Analyser (2): 


- Software on disk 


MARCH 1996 
Houseplant Buzzer 


966001-1 


22.00 
22.50 


71.00 
14.50 
48.00 


8.00 
13.60 
37.00 
20.50 


43.50 
25.50 
12.00 


8.00 
12.50 
16 00 


30.50 
16.00 


15,50 


79.50 159.00 


39,00 
24.50 
7.00 


2t 26 
12 25 
§.50 
11.76 


26.76 
19.50 
12.75 

6.00 


7.00 


19.50 
12.00 
7,50 


6.00 


1.95 
1,95 
9.50 
16,50 


8,00 
12.25 


78.00 
49.00 
14.00 


42.50 
24,50 
11.00 
29,50 


47.50 
39,00 
25.50 
12,00 


14,00 


55.50 
39.00 
24.00 
15,00 


12.00 


3.90 
390 
19.00 
33,00 


16.00 
24,50 


Not Available 


7.00 
6.25 


14.00 
12.50 


66.00 
32.00 
14.00 
11,00 
15.00 
20,50 
14.50 


83.50 
61.50 


72.00 
35.50 


33.50 


14.50 


75 139.50 


55.00 
55.00 
14.00 
44.00 
55.00 


24.00 


42.50 
12.00 


52.00 


FEBRUARY 1996 

SIMM taster 

- PCB + EPROM (966503-1 
- EPROM 

\2C Interface for Centronics 
port: 

- PGB + disk (946202-1) 

- control software on disk 
Passive VU meter 

Icy Roads Waring 


JANUARY 1996 
SECAM-to-PAL Converter 
Passive Component Tester 
- PCB 

« Front pana! foil 


DECEMBER 1995 
3,3-15V Power Supply 
Practice Amplifier for Guitars 
PCB + tront panel foil 

PCB only 

Front panel foil only 
Smart Transistor Tester: 

- PCB + PIC (956502-1) 
- PIC 16071 

Micro PLG System: 


-950118-1 


)960039-C 


966509-1 


§50063-0 
946202-1 
950124-1 
960029-1 


95007 8-2 
960032-1 


9501061 


950016-C 
950016-1 
$50016-F 


950114-C 
956502-1 


PCB + 870750'51 + disk 950093-C 


- 87075061 

= control software on disk 
Active potentiometer 
Descaler 

Active probe 

Two-way PC-Fax Interface 


NOVEMBER 1995 

PIP Processor 

~ PCB + 87051 (956505-1) 
- 87051 

FM noise squelch 

PA 300 power amplifier 
Jogging LEO 

Oscilloscope prescalar 


OCTOBER 1995 

MatchBox BASIC computer: 

- PCB, 87051, olsk and 
Quick Reference Card 

- 87051 

- Course diskette (DOS) 

- Quick Reference Card 


SEPTEMBER 1995 

Hi-Fi headphone amplifier 
Dongle safe 

- PCB 

~ GAL IC2 (20V8) 

- GAL IC6 (2210) 

HexFET power amp upgrade: 
~ amplifier PCB 

Copybit eliminator update: 

~ PCB + MACH {956504-1) 
- MACH IC 

FF tone-dip oscilrator 


JULY/AUGUST 1995 


956514-1 
956016-1 
954099-1 
954080-1 
$54099-1 

954093 


950078-C 
956505-1 
§50089-1 
450092-1 
950112-t 
950115-1 


950011-C 
956508-1 
956009-1 
950011-P 


9500684-1 
950069-1 
956571-1 
956512-1 

990102 
950084-C 


956504-1 
950095-1 


Simple RF function generator 950023-1 


AlkaliManganese battery 
charger 


$50065-1 


Fast charger for NiCd batteries: 


PCR + ST62T20 (956509-1)950076-C 


- $T62T20 
Simple \'0 card 


JUNE 1995 
Function generator: 

- PCB 

« Front panel foil 
Electronic sandglass: 


PCB + 870751 (B46647-1}950052-C 


- BPC7S4 
4uto light control 
VGA distribution amplifier 


956509-1 
954074-1 


§50068-1 
9S0068-F 


946647-1 
950050-1 
95001 7-1 


10.00 


27.50 
22.75 


28,25 
10.25 


20.25 
12.25 
4.00 
6.00 


29.00 
17S 


20.00 


55.00 
45.60 


56,50 
20.50 


40,50 
24,50 
16.00 
12.00 


58.00 
27.50 


Not available 


9.25 


30 50 
17.25 
13.75 


44.25 
35,50 


44,50 
24.50 
10,00 
9.50 
§,76 
8,00 
11.75 


18,50 


61.00 
34.60 
27.50 


48.50 
71.00 


89.00 
4900 
20.00 
19.00 
11.60 
16.00 
23.60 


54.75 109.50 


30,75 
10,75 
19.75 

7.00 
27.75 


61.50 
21,50 
39.50 
14.00 
59.50 


49.25 118.50 


43,50 
11.50 
4.25 


5.00 


22.75 
14.75 
11.60 


29.50 
17.75 


26.25 
VF75 

4.75 
10.00 


For availability of older itams, please contact our 


Dorchester office. 


Elektor Electronics slipcase 


Price £2.95 +P&P (£1.50 UK; . £2.00 outside UK} 


Elektor Electronics 


87,00 
23.00 
6.50 


10.00 


25,50 
20.00 
29,50 


25.50 


81.00 
73,00 
10.50 


15.00 
13.50 


45.50 
29.50 
23 00 


59.00 
35.50 


52.0 
35,50 

9.50 
20.00 
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More 
than 


18,000 top 
quality 


products 


bound 
for the 
enthusiast 


MAPLIN PROFESSIONAL 


THE COMPLETE 
CATALOGUE FOR 
ELECTRONICS 


September’§7 — 
February ’S8 


Visit our Web Site 
http: //www.maplia.ce.wk 


BRITAIN'S 
ELECTRONICS CATALOGUE 


Available from Ist September 1997 


The 'must have' tool for DIY enthusiasts, 
hobbyists and students, amateurs and 
professionals in the world of electronics. 


- Over 25 years experience 

- 42 stores nationwide 

- Same day despatch 

- Order 24 hours a day 

- Free technical support on 01702 556001 
- Free delivery on orders over £30.00 

- Over £50 worth of discount vouchers 


Order now on 01702 554000 


Available at: WH Smith, John Menzies or 
your local Maplin Store. 

(Add 50p for P&P). Orders outside the UK please send £8.45 or 21 IRCs 
for Airmail in Europe or surface mail outside Europe. Send £16.00 or 


37 IRCs for Airmail outside Europe to: 
Maplin MPS, PO Box 777 Rayleigh, Essex, England S56 8LU. 


When ordering please quote priority Code MA020. 


